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ABSTRACT  
Ji Yuan Hai Wan Shi Ye AB started in the December of 2011, is co-funded 
by the Xiamen Hai Wan AB and Luo Yang Shi Hua. It has integrated 
business such as scientific research, production and trade together. The 
company locates in the industrial manufactory area at Ji Yuan, Henan 
Province. The main products are verity of unsaturated polyester resin. Their 
products are widely used in the fields like industry, agricultural, 
transportation and construction.  This shows its wide coverage status quo 
and broad future (Company´s website).
 
Inventory is the network-node among goods flow, information flow and 
cash flow, and is of great importance to economic development nowadays. 
The rational management in transportation, packaging, loading/unloading, 
processing, delivery, can efficiently alleviate working strength, damage ratio, 
Inventory turnover and distribution costs. 
The storage area is not only the most important but also the most difficult 
part to plan. According to the statistics, unloading, picking, sorting and 
loading take 40% time of the whole process, and the rest are consumed by 
staff’s patrolling. As a result, a cost effective design in storage area can 
effectively lower down internal transportation cost, and highly improve the 
performance of the whole inventory. 
In order to increase the efficiency inside storage area, and create a best 
possible environment for material handlers in the inventory; this article 
intended to generate a directive description by studying the design inside 
storage area of the inventory. Based on the case study, author has raised a 
recommendation to the inventory´s equipment and slot planning. MATLAB 
is the main programming tool in the slot planning and it contains aspects 
below: 
1, A brief introduction to company and their main activities.  
2, Storage area planning and design theories: 
The definition, types, functions of storage area were introduced in the 
beginning. Then storage area and several ways of storage were briefly 
described. At last, author described the classical EIQ analysis and its 
applications in the logistics system. 
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3, Selection of equipment in storage area  
 
Author elaborated basic principles of the equipment choice; and introduced 
types, choice methods in storing and material handling equipment. Finally 
the EIQ analysis was applied and its influence in equipment choice was 
proved. 
 
4, Planning and design of slots in the storage area 
This part mainly included following contents 
 
A. Coding  
The article began with methodology introduction for the coding of both 
location and goods, and the principles of choice methodology for different 
goods.  
 
B. Spacing plan and corresponding information 
Principles and concepts of location planning as well as corresponding 
benefits were introduced, which are the reasons of location planning. 
 
C. Modeling 
The author has presented the aim of the location planning; and according to 
that, a model has been introduced. There are two things has to be concerned, 
one is the total transporting distance for the goods and the other one is the 
stability of the racking. The aim of the location planning is to increase 
picking efficiency by storing the fastest-moving goods in the most 
convenient positions which is gate in this case. To increase racking ´s 
stability, lighter goods have to put in higher than heavier things.  
 
D. The algorithm 
Location planning is a multi-objective optimization problem. Author has 
analyzed and compared several algorithms; finally genetic algorithm was 
chosen to solve the problem. Author introduced the principles of the 
methodology about using genetic algorithm to solve a multi-objective 
optimization problem. After that, according to the model introduced in the 
previously step, author has decided to use parallel selection method, multi-
Gender evolutionary method and constraint method. To get an optimal 
solution of location planning, MATLAB has been used as the tool.   
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5, Applied and analyzed the methods and programs, mentioned in the article, 
to the design of inventory´s storage area.    
6, Summary and prospect  
Author has summarized the article’s result and raised future research topics. 
This article has given some new points in the following aspect： 
1．By thinking of velocity of goods circulation and goods weigh, a multi-
objective optimization model for location planning has been made. Model 
has been solved, via using Genetic Algorithm’s paratactic selection, multi-
gender evolution and constraint methods. 
 2．By using MATLAB, author programmed the location plan which 
generates solutions to optimization problems using techniques inspired by 
natural evolution. Programming has been used crossover, mutation methods 
and the algorithm terminated when the 500 generations has been produced, 
then a satisfactory fitness solution has been reached for the location.  
Key words：storage area；aisle；location；genetic algorithm 
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READING INSTRUCTIONS  
Due to the multi-involvement of different parts, this thesis is considerably 
extensive. But all parts may not be equally relevant to all audiences. To 
simplify the reader’s report orientation, the chapters are generally described 
to conclude what to expect.  
INTRODUCTION  
With focus on problem description, purpose, objective and delimitations, 
this chapter is the introduction to the project as a whole. These points are 
important to understand both the structure and the focal points in different 
chapters of the report.  Therefore  all  readers,  either  with  interest  in  
specific  parts  or  the complete report, are recommended to read this chapter.  
METHODOLOGY  
Various methodology perspectives and approaches are included, to consider 
when conducting research in general. It also describes different ways in how 
knowledge is acquired, through research and the concrete techniques.  The 
chapter is concluded by the author’s standpoint when selecting concrete 
executive methodology. Readers with certain interest  in  the methodology  
can  read the  last part  of  the chapter, while audiences are interested in  the 
methods  discarded  can  read the whole. Those who have no interest in 
methodology can also skip this part without losing the essence of the whole 
report.  
THEORY  
In this chapter the fundamental theory, upon which the report is built, are 
presented. The theory examined spans, from describing managing strategic 
aspects to performing operative work, for reaching the project’s objective. 
The theory is widely referred why the chapter could be interesting to the 
reader, in spite of what the theory has peaked in.  
EMPIRICS  
This chapter describes the business at Ji Yuan Hai Wan AB and its main 
products. It is a brief introduction about company´s current storage, material 
handlings equipment. The company has some rule about where to put a 
product in shelves. A great share of this chapter is focused on the current 
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material flow, which is of high relevance for the analysis chapter, why 
special attention is recommended to be put on this part. 
ANALYSIS  
In this chapter, the author has compared theory and empirics. The result of 
this is a recommendation about inventory´s storage and material handlings 
equipment. A list of each product´s position corresponding to shelve has 
also been introduced. 
The beginning of the chapter is a selection of storage and shipping 
equipment based on EIQ analysis. In the last part of the chapter, MATLAB 
has been used to get an optimal solution for 50 spaces in the storage area 
based on velocity of goods circulation and goods weight.    
The chapter is of great interest to the readers, who are seeking deeper 
understanding in how the results are generated. It can also be of interest to 
the readers who want to take share of calculations and reasoning.  
RESULT AND FUTURE RESEARCH  
This chapter concretely describes what the analysis lead to, the contribution 
of this article and possible future research. In this way, the chapter is the 
consolidation of the whole report, and is recommended to read by those with 
slightest interest in the study and want to study in the future research.   
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1 INTRODUCTION 
The foundation of the study and a first insight into the background of the 
focal company were both brought into this chapter. Emphasis is put on the 
underlying incitements for the study as well as the intended contribution of 
the authors. 
1.1 BACKGROUND  
The Ji Yuan city government and Luo Yang Shi Hua signed cooperation 
agreement in 2010. They decided to build an industrial manufacture area to 
show their advantages in technology, talented people and resources, which 
can promote the lower stream industrial chain, optimize production structure, 
raise local industrial level, improve industrial technology and promote the 
development of relative industries. The total planning area is 6.89 square 
kilometers and its core industries are petrochemical industry and coal 
chemical industry. The unique feature of this area is new material 
technology, fine chemicals and rubber processing. This modern chemical 
industry manufactory area has important influence to west central of China 
(Company´s web site).  
Ji Yuan Hai Wan Shi Ye AB was built in this area and it covers 95,000 
square meters. It started in the December of 2011, and is co-funded by the 
Xiamen Hai Wan AB and Luo Yang Shi Hua. It has integrated business 
such as scientific research, production and trade together. The company 
locates in the industrial manufactory area at Ji Yuan, Henan Province. The 
total investment is 300 million Yuan and it been used to separate organics 
from CTA oxidation residues. The company plans to produce 100 thousand 
tons unsaturated polyester resin per year by 20 thousand tons CTA oxidation 
residues. And they want to produce benzoic acid as well.  Their products are 
widely used in the fields like industry, agricultural, transportation and 
construction.  This shows its wide coverage status quo and broad future. The 
development concept of the company is: “we are an innovation driven 
company; industry and opportunity are the chief factors for success. “The 
company has highly specialized personnel in chemical product design, 
production and environment protection. The company´s aims are creating 
high-quality products and giving first-class service (Company´s web site).
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Company has identified their problem which is low utilization rate and 
working performance. And they’ve also realized logistics efficiency is 
influenced by goods location layout in storage areas. If layout in storage 
areas were unsuitable and cost too much investment, it will give negative 
effects to the company´s production. In this sense, the layout in storage 
areas has directly connection to the company´s success and failure. The 
storage area is not only the most important, but also the most difficult part to 
plan. According to the statistics, unloading, picking, sorting and loading 
take 40% time of the whole process, and the rest are consumed by staff’s 
patrolling. The reason for that is inefficiency in storage area´s layout. A 
reasonable layout of the storage area is playing an important role in 
increasing working performance.  
1.2 PURPOSE 
The purpose of this study is to map out and evaluate existing layout of the 
storage area in order to construct and design of slots in the storage area and 
suggest a cargo space planning of the 50 space to put goods in a most 
reasonable manner. In order to increase the efficiency inside storage area, 
and create a best possible environment for material handlers in the inventory, 
the study aims to:  
 
1, Determine general storage and handling equipment  
2, Determine positioning of goods given the general layout 
 
1.3 TARGETS AND OBJECTIVE 
The target and objective of this study is to achieve the above stated purposes 
and to provide a report that is useful and interesting to both the employees 
and students. 
 
1.4 DELIMITATIONS AND FOCUS AREA 
Considering the study time frame and the extensive scope of this report, the 
following delimitations are established: 
1, The  study  doesn’t consider  the  internal  transportation  in  the  context  
of inbound logistics and transportation outside storage area.  
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2, Since travel distance and products weight are included, the financial 
aspect was not taken into concern. Author is also not going in through how 
the total cost will change after redesign the storage area.  
3, There are two identical storage area in the company. One is for raw 
material storage and the other one is for finished products. The author will 
only focus on the second one.  
4, There are other principles with slot planning such as putting similar 
products together and isolating different goods. But due to time limitation, 
those have not been considered.  
1.5 ROLES 
The author’s role is assisting the logistics development team at the company 
and takes responsibility for the inventory, which included all transportation 
inside the inventory. The author aims at contributing her theoretical 
knowledge and gained experience; providing a different perspective; and at 
the same time, learn and interact with the employees at the company as a 
whole.  
1.5.1 STUDY DESCRIPTION 
A cost effective design in storage area can both effectively lower internal 
transportation cost, and highly improve the performance of the whole 
inventory. It will lead to a better economic result. Main contents that have 
been studied in this article are below:  
1, Storage area planning and design theories 
Firstly, an introduction about storage area is provided. Then several ways of 
storage are briefly described. At last, the classical EIQ analysis´ principles 
and its applications in the logistics system will are introduced. 
2, Selection of equipment in storage area 
Author elaborates basic principles and methods of the equipment choice.  
3, Planning and design of slots in the storage area 
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Firstly, a methodology for the coding of both location and goods has been 
introduced. Then the target and restrictive condition of the location planning 
has been analyzed; and according to that, a model has been introduced. At 
last, the author has used genetic algorithm to solve the problem, and 
MATLAB is used as the tool.  
 
4, Analysis 
Applied and analyzed the methods and programs mentioned in the article, to 
the design of inventory´s storage area.    
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2 METHODOLOGY  
The theoretical foundation of the methodology approach is presented in this 
chapter. Both methods used or not in the  study are  deliberated  to  give  a  
general  understanding  of  the  methodology framework. At the end of the 
chapter the methodology used is presented and authenticated. 
2.1 PROCEDURE 
During the study of this project, the model in Figure 2.1 has been used as an 
explanation on how to organize the work.  
 
                                    Figure 2.1 Routine of a typical project (Lekvall & Wahlbin, 2001). 
As seen, the model’s U curve, in a way that connects the preparations to the 
physical study with the results and their analysis.  Below, the  work 
executed  during  this  thesis  is  presented,  and  related  to  the  steps in the 
model shown above.    
The problem identified by the company is that effective rate of utilization 
and working performance of the storage area is very low. Since sales will 
increase yearly, the severity of this problem is expecting to increase. The 
company wants to maximize the utilization ratio for the storage area, 
increase equipment efficiency, transport goods in a most safety and 
economic way, protect and manage goods in the best way, in order to cut 
total cost while keeping or improving customer satisfaction.  
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2.1.1 ANALYSIS OF THE SITUATION 
An introduction to the company, company´s storage area and products was 
provided by the company to the author, before examining the possibilities to 
improve the current situation. The idea of re-designing the layout of storage 
area and equipment, which might improve the current situation, was 
suggested by the author and accepted by the supervisor at the company.  
2.1.2 SPECIFICATION OF THE STUDY TASK  
Discussions, with the supervisors at the university and the company, 
resulted in the specified objective for planning the aisle, location and 
selecting suitable equipment for the storage area. This planning is going to 
be done by using historical data and comparing the theory to the situation. 
The project should also result in a simulation model in the proposed location 
planning, which can be tested. The purpose of the simulations is to find the 
optimal solution for location planning. The specified objective and 
delimitations of the project was presented to all parties involved. The 
objective is found in chapter 1 in this report. 
2.1.3 CHOICE OF APPROACH, METHOD AND TECHNIQUE  
Once  the  specified  objective  was  set,  the  authors  studied  and  decided  
upon methodological  choices.  The study and decisions resulted in Chapter 
2. A timeframe was also created, to ensure the report could be finished on 
time for the master’s thesis. In this step, the relevant theoretical background 
was acquired and studied, see Chapter 3.  The theoretical study of the 
technique, which is going to be used, also results in a list of data needed 
from the company; in order to proceed with the project.   
2.1.4 FIELD WORK 
The field of work consisted of three main steps: 
1, Sorting and processing the data provided by the company 
2, Determine the width of the equipment, according to the chosen method 
for the storage area 
3, Simulating the model of the location planning and use MATLAB as the 
tool. The results had been extracted from that.  
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The details on how the steps above are done can be found in chapters 3 and 
5. The output from the determination (step 2) and simulation (step 3) 
constitutes with the basic database.  
2.1.5 ANALYSIS OF DATA BASE 
The database  of  the  field  work  was  then  compiled,  and  from  that, 
conclusions  were  drawn. The results are presented in Chapter 5. 
2.1.6 INTERPRETATION 
There is a large number of output data needs to be sorted and processed, in 
an understandable way for the reader to know the outcome of the study, to 
draw conclusions.  It is worth of mentioning that the quantitative approach, 
throughout the master’s thesis, leaves limited possibilities for interpretation. 
A discussion of the results is made with its introduction in Chapter 5. 
2.1.7 PREPARATION OF RECOMMENDATIONS 
The recommendation to the company can be found in Chapter 5 and Chapter 
6 summarizes and concludes the project.  
2.2 RESEARCH APPROACH 
The relationship between theory and empirics in the project decides the 
choice of research approach. It is common to define it as either inductive or 
hypothetical-deductive (Wallén, 1996).
 
2.2.1 CONCEPT DESCRIPTION  
Inductive  approach, as the name suggests,  is  a  method  used  for theory 
formulation  based  on  analyzing relation  or  conjunction among several 
independent  events by experience; according  to  observations (Alvesson 
and Sköldberg, 2008). It is important that the data is gathered 
unconditionally (Wallén, 1996). The inductive approach is often criticized 
because it can sometimes imply a hazardous simplification and conceptual 
assumptions (Alvesson and Sköldberg, 2008). 
In  contrast  to  induction; the  (hypothetical-)deductive  approach, based  on  
a  general  principle  or theory,  starts  with  theoretical  studies  which  are 
then  used  for  explaining  a  specific  empirical  phenomena  or  event. 
(Alvesson and Sköldberg, 2008) And corresponding conclusions are drawn 
based on the underlying theory. Clearly, the existing theory plays a more 
  
Page 8 
 
  
important role than in the inductive approach. A hypothesis is built on 
existing theory, and either rejection or acceptance is by testing in reality 
(Wallén, 1996). 
An abductive approach is a mixture of both inductive and deductive. It 
means that a specific case is interpreted from a hypothesis, if truthfully, can 
explain the observed case. The conclusions drawn from this case is then 
being proven in new observations (Alvesson and Sköldberg, 2008). The aim 
is to define the source or cause for an occurred phenomena via existing 
theory (Wallén, 1996). The abductive  approach  can tolerate  observation  
mistakes,  because  the  stated  conclusions must  be  tested again on  other  
observed  cases  to  prove  its trustworthiness (Alvesson and Sköldberg, 
2008). 
2.2.2 THE RESEARCH APPROACH USED IN THIS PROJECT 
Due to the nature of this master thesis, deductive approach is a better choice. 
The objective is using existing theory to improve the target company´s 
storage area´s performance. The choices of equipment are determined by 
theory. For obvious reasons the execution cannot be done due to the early 
stage of the study. Simulation of the location planning will, in this project, 
work as a test bed for the solution.  
2.3 METHODOLOGY 
Depending on the specific objective of this project, there are dozens of 
methodology approaches fit. But the author of this paper has compared 
different approaches that might be applicable for this case, and found the 
major ones to be: survey, case study and operations research modeling.  
2.3.1 SURVEY 
A survey is done by systematically mapping a phenomenon, via asking 
questions to a number of people, with the objective to describe it. Survey is 
quick to implement and can provide a large amount of data (Patel, Runa - 
Davidson, Bo (2003). And the questions must be the same to everyone 
participated. The selection of participants can be either random, stratified or 
complete (Höst et al. 2009). There are two types of survey, bound and open. 
The bound one offers the respondent a few possible choices, while the open 
one allows the respondent to answer freely by will. One risk of survey is a 
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low response rate that could distort the selection, especially in stratified 
sampling, and give poor theory basis (Patel, Runa - Davidson, Bo 2003).  
2.3.2 CASE STUDY 
Case studies are agreed to be valid as one of the research strategies; in areas 
such as marketing, operations management, management information 
systems and strategy. They are also of great value when the topic is complex 
(Jans and Dietrich). A case study aims at describing a specific object or 
phenomenon. It is a study in which (a) one (single case study) or a small 
number of cases (comparative case study) in their real life context are 
selected, and (b) scores obtained from these cases are analyzed in a 
qualitative manner (Dul and Jak, 2008). Case studies are often understood as 
similar to both surveys and experiments; however the difference between a 
case study and a survey is that the case study describes the issue deeper. 
Methods of gathering information; such as interview, observations and 
archive analysis; can be flexible. Questions asked must not be the same to 
all participants, which is a definite difference compare to a survey. As a 
result, the results of the case study are not necessarily applicable to other 
general cases; while it enables a deep understanding to the phenomenon 
(Höst et al. 2009).  A major difference between a case study and an 
experiment is that a case study doesn’t manipulate instances while an 
experiment does Yin (2007).  
2.3.3 OPERATIONS RESEARCH MODELING 
Operations research (OR) modeling is based on quantitative techniques and 
typical for projects where analytical models are applied to real case 
scenarios. The working process is often divided into six major phase’s 
below
 
(Hillier, 2005): 
1. Define the problem of interest and gather relevant data  
2. Formulate a mathematical model to represent the problem  
3. Develop a computer-based procedure for deriving solutions to the 
problem from the model  
4. Test the model and refine it as needed  
5. Prepare for ongoing application of the model as prescribed by 
management  
6. Implement   
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2.3.4 METHODOLOGICAL APPROACH FOR THE PROJECT 
In order to be able to find the optimal solution among a large number of data 
under the shortest time, operations research modeling is the most suitable 
methodological approach. The mathematical model (phase 2 in the OR 
modeling) is built with help of a professor in the company. Together with 
the professor, the author also builds part of the computer-based procedure, 
used for finding the solution to the problem. The author has used genetic 
algorithm toolbox which was programmed by Sheffied University in 
England, to find the optimal solution (phase 3).  
MATLAB was introduced by Math Works. It is a high-level language and 
interactive environment for numerical computation, visualization, and 
programming. It can analyze data, develop algorithms and create models or 
applications (Math works website). MATLAB has strong capacity-
expansion and highly influence to attract people to launch many toolboxes 
based on it. That makes MATLAB became the preferred software platform 
in the field of science. As a strong numerical tool, MATLAB’s 
programming language is called the fourth generation computer language. It 
provide lots of functions which means developer does not need to over-
programming, so that the only thing they need is invoking corresponding 
functions.  
The testing tool is simulation model which is built to represent the location 
planning (phase 4). This master’s thesis does not go through phase 5 and 6 
as the company does not have any similar model today yet. The preparation 
for an ongoing application and the corresponding implementation will, at 
the end of the project, be left for manager to take or not. 
This master’s thesis is a case study, considering the procedure of 
investigating a geographically limited market. The method used for relevant 
figures collecting is existing archived data.  Since the company doesn´t have 
any ERP system, several interviews and direct observations aimed at getting 
the data have been used. The author has asked every single personnel, who 
works in the logistic apartment, similar questions to get a general picture 
about disadvantages of the inventory.  
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2.4 METHOD OF ANALYSIS 
A study can be either qualitative, quantitative or, as in most cases, a mix 
between them. In following section both aspects will be described, and the 
chosen method will be explained. In general sense, quantitative research is 
parallel with the analytical perspective, whilst qualitative research has a 
higher share in the system- and actor perspective. 
2.4.1 QUANTITATIVE APPROACH 
Quantitative  researches, as the name implies, often  evaluate  measurable  
cases  and  explain phenomena  with  logical  and  mathematical  models.  
The quantitative research is therefore built upon numerical factors and 
quantifiable data. The results are often generalized and presented in 
statistical way (Arbnor and Bjerke, 1994). 
In a quantitative study the information all can be measured and described in 
numbers.  Thus it can be processed in statistical methods, and results can be 
used in generalizations (Denscombe, 2009). 
Advantages with a quantitative approach are for example (Denscombe, 
2009):   
 Quantitative data fits statistical methods, where the mathematical 
theories are the solid academic base.  
 Similarly,  tests  of  significance  on  the  data  can  give  the  study  
a  higher credibility.   
 Quantitative data is easy to measure and analyze, and thus the results 
of the study are intuitive. 
Disadvantages with the method include (Denscombe, 2009):   
 If the quality of the input is low, the quality of the output will be low.   
 With computers’ aid, it is easy to mix too many parameters in the 
study unconsciously. It increases the complexity and possibly creates 
difficulty to understand. 
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2.4.2 QUALITATIVA APPROACH 
Qualitative research is opposite to the quantitative one, which is based on 
non-quantitative information. Qualitative researchers are tending to put a 
higher degree focus on the understanding and meanings of a specific case. 
To reach this objective, data is often collected through interviews and 
subjective observations. Ultimately qualitative research often leads to results 
not being able to generalize as those for the quantitative research (Arbnor 
and Bjerke, 1994). 
A qualitative study will use more detailed information such as descriptions 
or visual images; compared to a quantitative one; both  of  which  require  
methods  of  analysis  such  as  sorting  and categorizing. The collection of 
qualitative data can be rather complex, some examples of means for this are 
interviews, literature reviews, observations and questionnaires (Denscombe, 
2009).
 
This type of approach is suitable for non-numerical studies. 
As for the qualitative approach, there are advantages and disadvantages with 
this approach. Some advantages are (Denscombe, 2009): 
 The data analyzed will be full of detailed information. This is 
suitable for studies as social situations.  
 Contradictions are tolerated in the analysis. It is reasonable that 
different people interviewed have different views on matters. A 
qualitative approach handles this better than a quantitative.   
 The possibility of multiple explanations exists. In the case of 
quantitative studies, this is often not the case.  
The disadvantages with this approach can be (Denscombe, 2009): 
 The study can be difficult to be generalized, due to the relative small 
number of objects studied.   
 The interpretation of the data can be very dependent on the 
researcher’s subjective factors such as experiences, opinions and 
beliefs.   
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 The analysis can be time consuming. As opposed  to  the  computer  
based organization  of quantitative  data,  there  is  not  a  fast  way  
to  organize qualitative data.   
2.4.3 APPROACH OF THIS STUDY  
Since a combination of quantitative and qualitative method results better 
than using either method alone, an involvement of them both in this study is 
appropriate.  
This study intends to increase working performance of the storage area. 
Most of the data collected for this thesis, such as monthly order quantities 
and number of orders, is quantitative. Several interviews and observations 
has also been applied which is a qualitative way. Interview and observation 
may not be able to capture all the significant data, while the combination 
itself can help decrease bias.  
2.5 SOURCES 
During the course of master thesis, a number of different information 
sources are used. This chapter describes these different sources and 
motivates that’s been applied in this project.  
2.5.1 PRIMARY AND SECONDARY SOURCES 
Information gathered may come from primary or secondary sources.  
Primary  sources are collected  for  the  purpose  of  current study, for  
example  interviews  or  enquiries (Björklund, Paulsson, 2003).  And 
primary data is the one that authors gather for a specific study. It can be 
interviews, questionnaires or observations (Patel, R. & Davidson, B, 2003).  
Secondary sources, on contrary, originate for a purpose rather than for the 
current or any specific study.  This can be general literature held for several 
other people as well. To obtain useful secondary data it is crucial to 
understand the fact that the information might be aiming at different target 
groups and as such might be biased data (Björklund, Paulsson, 2003).
 
Secondary data refers to information which is already gathered and 
produced for another purpose or study.  To get basic information about a 
specific topic, the existing literature, websites, daily press and protocols are 
always important. (Bell, J, 2000)  
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2.5.2 DATA COLLECTION 
Gathering data is a vital part of any master thesis. The most common 
methods of acquiring data are described below:  
1, Literature review: A literature review is a way of studying  previous 
written materials  on  the  same subject and,  if  included  in  the  report,  
giving  the audience a better background knowledge (Höst et al. 2009). 
 
Examples of literary studies are magazines, books, websites and newspapers. 
Any form of written and digital material is literature, and the literature is 
mostly secondary data. When the literature is involved in a new study, it is 
important to be critical to it. Because it is easy to manipulate and it is not 
always that the text is comprehensive. Positive sides  of  literature  are  that  
comparatively more  information  can  be  addressed quickly,  it is  usually  
easy  to  access  and  it  can  be accessed with small budget (Björklund, M., 
& Paulsson, U, 2003).  
2, Interviews is a sourcing method during which questions are thrown to, 
and replied by, interviewees. Three different kinds of interviews can be 
identified, depending on the amount of structure applied (Björklund, 
Paulsson, 2003): 
Structured interview: all the questions and answers have been decided 
beforehand to all interviewees. Since the answers are fixed, it is much easier 
to compare, which basically makes this a survey performed orally.  
Open interview:  the interviewer is guided by an interview. However,  the  
order  of  the  questions  can  be tailored to different interviewees,  and  the  
interviewees  are  also  given  the possibility of providing more detailed 
information.  
Semi  structured  interview:  as  its  name  implies, it is a  mix  between  a 
structured  and  an  open  interview.  Some questions are fixed, and some 
are open. It is however imperative that the fixed questions are asked in the 
same sequence and in the same context to each interviewee, to keep the 
comparability.  
Interviews are a way of gathering information through questions or dialogue. 
There are different ways of conducting an interview. Two examples are:  
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 The author meets the interviewee face to face which is a most 
common way.  
 The interviewer can also carry out the interview over the phone or 
internet. 
It is important that the questions asked are open since this reduces the risk 
of leading respondent in a certain direction carelessly (Patel, R. & Davidson, 
B, 2003).  
One of the advantages of questionnaire is that the people who are answering 
the questions are answering the same ones in the same order. As a result, 
questionnaires are often used in establishing generalizations or comparisons 
(Patel, R. & Davidson, B, 2003). 
3, Survey: When sample size reaches a high level, interviews might take too 
long. Instead, a survey can be alternative.  A survey is a questionnaire, most 
often with predefined answers targeting at a number of people (Björklund, 
Paulsson, 2003). A description of this has been presented in section 2.3.1. 
4, Observation is another way of gathering information by directly 
observing it while it happens in a structured way (Patel, R. & Davidson, B, 
2003). This can be done by either visual observing, or by applying technical 
equipment to gather relevant data (Björklund, Paulsson, 2003). The 
information gathered has to be registered in an organised manner. There are 
different ways to carry out an observation. It can be done through a scheme, 
where the studied objects are determined beforehand, or it can be done with 
an investigative purpose (Patel, R. & Davidson, B, 2003). But an observer 
can have different roles in the interaction with the studied phenomenon. If 
the role of the observer is known, there is a risk that the observed 
phenomenon is affected by this (Björklund, Paulsson, 2003). 
5, Data collected by others: Occasionally, it is impossible to collect data all 
by oneself, then it becomes necessary to borrow data that has been collected 
by others.  This  kind  of  data  is  a  secondary  source,  which  makes  it 
important  to  analyze  the  received  information and being critical. There 
are four different kinds of data collected by other, as follows
 
(Höst, Regnell, 
& Runeson, 2006):  
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 Processed material:  Data collected by others and has been processed 
for purpose such as academic publications and thesis.   
 Available statistics: Data collected and processed without any 
conclusions. For example, data from Statistics Sweden.   
 Index data: Data collected for any purpose and open to other studies. 
For an example data in a customer database.   
 Archive Data: Data that is not systemized. For an example, protocol.   
2.5.3 SOURCES USED FOR THE PROJECT 
Both primary and secondary information has been used in the thesis. The 
secondary information is from literature, database and internet. When 
internet source is applied, it has been investigated and verified carefully. 
Regarding to the theories of how to determine the width of the aisle, 
equipment choice and genetic algorithm in MATLAB were both collected 
from books and articles. The field is popular in China and this is why it was 
relatively easy to find relevant written information. Most of the books and 
articles were found in the library in Tianjin Agricultural University in China. 
On the other hand, the supervisor at LTH gave the author recommendations 
of some well known articles that he thought could be helpful. 
Company´s website content was quoted in gathering information to describe 
their products. This is because the website has all the information about the 
company and their mission. The main primary data source is information 
gathered from interviews and direct observations. In most of the interviews, 
the interviewer met the interviewees face to face, both formal and informal, 
with predetermined open and closed questions. Information collected from 
interviews and observations were used throughout this thesis.  
2.5.3.1 CRITICISM OF SOURCES 
All types of data and information collected are analyzed and critically 
evaluated to ensure reliability and validity of the result. The data collected 
from interviews is sent back to respondents and allow them to review and 
correct, in case there’s somewhat distorted, that may cause 
misinterpretations at a later stage and lead to errors in the results. 
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When  it  comes  to  the  literature,  they  are  all published  in  well-
respected  international  journals  that  require  a  high  scientific standard. 
Regarding to text books and electronic sources like internet pages, the 
author precedes the knowledge to evaluate the relevancy and accuracy of the 
sources. 
2.6 CREDIBILITY 
The credibility of this master thesis will be evaluated by three perspectives: 
validity, reliability and objectivity. And they’ll be presented after a brief 
description of their meanings. 
2.6.1 VALIDITY 
Validity is “to what extent something really measures what it intends to 
measure" (Björklund & Paulsson, 2003, p. 59). A model may have validity 
for a specific experiment, but not for another.  To increase the validity of a 
study, the problem should be seen from four different perspectives 
(Björklund, Paulsson,2003), they are performing self-validation, and 
validation is performed by the model user, a third party performing the 
validation, validation is performed using a scoring model (Sargent, 2004).  
The developer themselves’ execution is the most common way to perform 
validation. This is a subjective decision based on many tests carried out 
during the model development process. However, credibility will be 
questionable in this approach because of developer's objectivity, although 
the users can carry out the validation to increase the objectivity and for the 
most part. Even in this case, objectivity can be questioned. Allowing 
independent third parties to perform validation, commonly known as 
"independent verification and validation (IV&V), an objective validation 
can be obtained. This adds credibility and is often applied when model 
development cost is huge. Another method that’s rarely used in practice is 
when IV & V is used; it is the most straightforward to only evaluate the 
validation that has already been done. Finally, it follows with a scoring 
model (Sargent, 2004). 
The validation’s focus depends on the model’s character.  The model's  
underlying  principles  and  assumptions  has  to  be  assured, when  a  
conceptual validation is carried out. It also matters if the model is consistent 
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with its purpose. Computerized  model  validation  is  used  when  it  should  
be  ensured  that  the programming and implementation of the model is 
correct. Operational validation aims at establishing the model’s sufficient 
output consisting with why the model was created (Sargent, 2004).  
2.6.1.1 VALIDITY IN THE PROJECT 
The focus of this thesis will be on computer-based and operational 
validation. Since most of this project is based on quantitative data, there is 
little space for error measurement. All applied models have been validated 
by at least one of Sargents angles. The analytical model used in  the  project  
is  created  and  tested  by  professionals  in  the  area  and  can therefore be 
regarded as fully valid.  
The quality of input parameters like monthly order quantities and monthly 
number of orders are not always to be fixed number, but the model works 
better with fixed number. In addition, there are factors like season variation 
and special campaigns, that could also change the demand; but the 
simulation model assumes a steady state situation which does not change 
over time. In those cases that could affect or even reduce the validity.  
2.6.2 RELIABILITY 
A study that leads to same results when it’s performed multiple times must 
has a high reliability (Björklund, Paulsson, 2003). The reliability of a study 
can be ensured by being accurate in information gathering. That different 
measurement produces the same result is called reliability. This means that 
the measurements do not contain random errors and the instrument is then 
reliable. Comparing the differences between the maximum and minimum 
value can assess reliability of a series of measurements, and a reliability 
coefficient can be obtained by calculating the correlation between two 
different measurement series (Wallén, 1996). 
2.6.2.1 RELIABILITY IN THE PROJECT 
Document every assumption and delimitation will increase the reliability of 
the project, since it makes sure that others can verify the results by using the 
same input data. Making other assumptions would possibly change the 
results. Since simulations are based on historical data from a limited period 
of time, it is highly possible that the using other data from another period 
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than for this paper might change the results; because the customer demand 
and the range of products changes over time. The change in one of those 
parameters does not likely to affect the results, and a substantial change in 
many is not likely to occur either. The reliability in the project is therefore 
regarded as high. 
2.6.3 OBJECTIVITY 
Objectivity is the extent to which values influence the study and it is a 
measure of to what extent the authors’ subjective values affect the results of 
the study. The objectivity may be increased if the reader gets all reasoning 
clearly explained to them and thus take its own position on the outcome 
(Björklund & Paulsson, 2003). There are three main guidelines to follow in 
using outside sources: no factual errors, no distorted information and 
avoidance of words such as “she states” or “he realizes” (Björklund, 
Paulsson, 2003). 
2.6.3.1 OBJECTIVITY IN THE PROJECT 
The objectivity of the project depends on to what degree the author’s 
interpretations and values have been applied. Ensuring that every choice is 
based on facts has improved the objectivity. And the author tried as much as 
possible to let her own values stand aside. There is little room for her 
interpretation throughout the project and it is therefore considered that 
report have a high level of objectivity.  
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3 THEORETICAL FRAMEWORKS  
This section presents the relevant theoretical background for a deeper 
understanding of this thesis. Firstly, some general terms are introduced, 
followed by a description of the definition, types and functions of storage 
area. Secondly, a description of the classical EIQ analysis and its 
applications in the logistics system are presented. Then the basic principles 
of the equipment choice are included. At last it also answers how to use 
genetic algorithm to get an optimal solution for slot planning.  
Considering this thesis has two purposes as the author mentioned in the 
chapter 1, this section has divided into two parts. Part one is containing the 
presentation of the EIQ-method which is the main tool to determine general 
layout and equipment. The link between the result from the EIQ analysis 
and suitable choice of equipment and layout are also included.  
When the goods arrive to the company, most of the goods have to be stored 
in the storage area. The first part is described how to choose the shelves and 
the second part will describe how the goods in the most reasonable way, 
will be stored on the shelf, in the other word, how to plan the slot in the 
storage area. 
3.1 GENERAL DEFINITIONS 
 
   
 
 
 
 
 
 
3.2 STORAGE AREA 
Storage area 
 
Pallet 
 
 
 
 
 
Lead time 
 
 
 
Handling 
equipment 
 
 The space or area reserved for storing 
 Within the warehouse the largest standardized 
material-handling unit is generally the pallet, which 
is just a rigid base on which cartons can be stacked. 
Most are made of wood, but some are made of 
durable plastic. 
 The time it takes to receive an order after placing it, 
including the potential delays due to stock out at 
upper echelons.   
 To keep workplace effective and efficient        
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PART 1: 
This section covers the theory of storage area. First, introduces an overview 
of the storage area and several operation methods in the storage area.  Then, 
a more detailed description of the classical analysis method --EIQ analysis 
and its application in logistic are introduced.  After understanding the basic 
function of a storage area, it will be easier to select the most suitable 
equipment in the storage area. Several commonly used storage and handling 
equipment are introduced, as well as some important factors with choosing 
equipment. Finally, a briefly description about machinery selection by EIQ-
IQ curve is contained.   
3.2 STORAGE AREA 
3.2.1 DESCRIPTION OF STORAGE AREA  
The main function of a storage area is storing products. Since this area has a 
significant role in the whole site, storage area requires a large physical space. 
In these places there is normally warehouse with specific purposes equipped 
with various shelves, forklifts and cranes (Y. Zhu，L. Zhu，2004).  
3.2.2 OPERATION METHOD IN STORAGE AREA 
The most important things in storage area are how to maximize the use of 
space, how to optimize the use of labor and equipment and how to move 
goods in most cost effective way but safely. Good strategy of storage can 
reduce traveling distance in inbound and outbound, shorten the operation 
time and make full use of storage space. The common storage methods are: 
1. Dedicated storage 
The principle of the location storage: each stock has a fixed storage and it 
cannot be stored in other places that make the storage capacity for each 
stock shall not be less than the maximum storage needs.  Personnel usually 
Inventory level 
 
Inventory 
position 
  
 The current amount of a product that a business 
has in stock                                                                 
 The inventory level plus outstanding orders 
minus possible backorders.   
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allocate the most active units to the most convenient locations (Z. Wang，
1998).  
Advantages of dedicated storage are: 
 Each stock has a fixed storage location and the picking staff knows 
its location very well. It empowers the staff’s experiences in work to 
minimize the cost. 
 The location of each stock could be arranged according to the 
corresponding turnover rate and delivery frequency. The result is 
reducing the traveling distance for inbound and outbound.  
 Enhance the throughput of storage and retrieval operations by 
reducing the travel time 
 According to different characteristics of each stock, a special storage 
could be arranged and it will lower down undesired influence 
between different goods.  
The disadvantage of dedicated storage is that the design was based on the 
full stock fact which could rarely happen; it is a low cost effective solution 
then. 
Dedicated storage is recommended used in scenarios below: 
  
 Stock with different physical and chemical characteristics should be 
placed separately in different conditions to protect them from mutual 
influence.    
 Some important items need distinguished protection      
 Size and weight orientated  arrangement 
 Plenty of space 
 Variety of goods but low quantity of each  
2. Random storage   
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The principles of the randomized means each stock’s position is random and 
the change can be constant. In other words, any product can be stored at any 
available position in the warehouse (L. Cai，2003). In practice, this strategy 
usually means that arriving goods will be stored at the nearest appropriate 
warehouse location on its arrival.  
The advantage of random storage is that there is only one variety to concern 
in inventory design, which is maximum stock quantity. Because all good 
could share any location when it is available, the usage of inventory in this 
case is fully. 
The disadvantages of random storage are (Z. Yu，2001): 
 Difficult to know and remember exact location of each goods 
 Risk of prolonging travel distance due to the randomness  
 Risk of  having reaction between stock due to neglecting safety 
protocol of each good 
Random storage will be used: 
 When the space is limited for large inbound, the inventory needs to 
be fully used 
 When the incoming object has comparatively big size which is 
unable to be adjusted  
3. ABC storage 
The principles of ABC storage are: the products are subdivided into three 
categories (L. Cai，2003).  
 Category A accounts for productions whose turnover rate are high 
but the number of locations is rather small.  
 Category C exists in productions whose average storage time is 
much longer than the one of Category A. These products need 
relatively much more space in the warehouse.  
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 Category B is in between category A and C, concerning turnover 
rate and space desired. With the help of these categories, the 
warehouse is divided into three zones in which just one category of 
products is stored. 
Categorizing products is based on the nature as well as the size of the 
products themselves. Fast moving products (category A) preferably are 
stored at pick height (the reachable height with the least effort) and at the 
front end of the warehouse. In this way, the distance between depot and pick 
locations will be controlled to a minimum level. Slow moving products 
(category B and C) are stored at the back. To maximize the efficiency of this 
strategy, it is necessary to switch the categories if changes in demand are 
large. If some items of category B are ordered more frequently at a certain 
time, these products might be categorized into A instead of B.  
The layout of the division of the products into categories depends on the 
location of the storage area. Since the storage area is the starting point of the 
route, the A-category will be situated as near as possible to the outbound. If 
the stock is located at the right side of the warehouse this leads to a layout 
with the A-zone at the right side. There are two layout possibilities but they 
might change, when they have to be adapted to the depot. The basic layouts 
are presented below: 
 
Figure 3.1: The basic layout of a ABC storage (L. Cai，2003). 
 
The main advantage of ABC storage is less travel time, it can be saved and 
easy to get access to the active items. Additionally, ABC storage has all 
advantages for dedicated storage and it is a better way of organizing 
dedicated space. (Caron, Marchet and Perego, 1998).  
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The disadvantage of ABC model is that the location in storage area must be 
designed according to the maximum stock of each kind, and it makes the 
usage of storage area very low.  
ABC storage will be applied when: 
 The relation among goods are close and they are usually ordered 
together 
 There is big differences on the size or turnover rate of goods  
4. Class-based storage 
The principle of class-based storage is that stocks are divided into classes. 
Each class is assigned a dedicated storage area, but goods within a same 
class are stored randomly (Z. Yu，2001). 
One of class-based storage’s advantages is the balance between random 
storage and ABC storage. It can also make full use of storage place and 
improve the performance of the storage area.  
The disadvantages of class-based storage are difficulty in the inventory 
work and storage management.  
Class-based storage has both characteristics of random storage and ABC 
storage, and the desired space area is between them.  
5. Shared storage 
Shared storage allows different products share same location, but it is only 
suitable when personnel know the exact time of picking and shipping. 
Products which will be picked or shipped at the same time can share same 
location. It brings difficulty in storage management but it can reduce the 
required storage space and travel time.   
6. There are other methods of sorting goods:  
1). Volume-based 
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 Big volume, which means the stock of goods, is over three pallets 
and the method of storing is block stacking.  
 Medium volume, which means the stock of goods, is between one 
and three pallets and the methods of storing are pallet racking and 
block stacking.  
 Small volume, which means the stock of goods is less than one pallet 
and kept in pallet racking, duty racking and shelves.  
 Retail storage, which contains duty racking and shelves that are not 
full container load. 
 
2). Equipment oriented 
 
(1) Block stacking is the simplest and cheapest option for warehouse storage. 
However, it has supply problem. Block stacking keeps the pallets directly on 
the warehouse floor. And the order they are placed in becomes the opposite, 
when they are going to be removed.  
 
Advantage of block stacking is low setup costs and flexible. 
Disadvantages of block stacking are  
 low storage density  (requires a large storage facility to store 
only a small amount of stock),  
 poor ventilation of products 
 dependent storage height 
 One stock  in a lane 
 Lack of utilization of empty pallet spaces  
 Extra work for personnel to reach pallet underneath 
 
(2) Pallet racking is a cheap, safe and efficient method of storage. By storing 
pallets in a framework, it is possible to have direct access to any particular 
pallet. This storage method does take up a large amount of space due to the 
need for aisles, but the frames can be very high. 
Advantages of pallet racking are  
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 minimized construction cost 
 available to temporary storage 
 alternative as extensions for constructions 
 flexible storage capacity 
 maximized utilization  
 Great density of storage. 
 
Disadvantages of pallet racking are  
 inflexible plan of the storage area 
 high energy consumption for heavy stocks 
 big investment ahead 
 
(3) Automated storage enables both storing and retrieving by mechanical 
arms. This fully automated system is a very efficient method of storage. One 
potential barrier is of course the cost. Installing an automated system would 
be efficient and accurate but would cost more to establish than most start-up 
businesses could afford. 
Advantages of automated storage are 
 less square footage,  
 high return on investment 
 more capability than standard inventory control  
 less investment in staff training time 
 higher inventory security 
 less product damage 
 
Disadvantages of automated storage are  
 more expensive than other systems  
 risk of high maintenance costs 
 
3.3 EIQ ANALYSIS 
EIQ analysis will be applied as the main method in this thesis. In this 
section, the author will introduce the basic idea and application steps of EIQ 
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analysis. Author will also explain the aim of these different analysis sheets 
and charts. Finally, the EIQ analysis application in logistic has been 
introduced.   
EIQ analysis was proposed by Suzuki Sin about three logistics factors of 
distribution center, which are E (Order Entry), I (Item), and Q (Quantity). 
EIQ analysis is applied for identifying the characteristic of a storage area, 
further analysis of important customers and the frequently ordered products; 
so that can support storage area’s layout. After being chosen, it requires 
basic data from storage area for analysis (Y. Liu， 2005).     
3.3.1EIQ ANALYSIS APPLICATION STEPS 
In this section, author will present EIQ analysis application steps which are 
Book-to-bill data sampling, Book-to-bill data decomposing, data statistical 
analysis, chart data interpretation and analysis, including EQ analysis, IQ 
analysis, EN analysis, IK analysis, se figure 3.2  
 
Figure 3.2: EIQ analysis application steps (Y. Liu， 2005). 
1. Book-to-bill data sampling 
  Page 
30 
 
  
Depending on the working load and fluctuations; the data collection can be 
daily, weekly, monthly or quarterly for the time range. Due to the frequent 
changes of working volume in warehouses, taking 1-day data is not easy but 
also hardly can be representative. It is normally suggested to use data from a 
couple of days, based on operating experience, and compare with other 
monthly and weekly data. It is much easier to determine the different 
periods in different seasons. It also enables the possibility to categorize 
stock and customers for a better application of EIQ data analysis. 
2. Statistical analysis and chart making 
EIQ analysis is a quantitative method, and table 3.1 shows the statistical 
method of EIQ analysis. The data collected will be preceded by statistic 
analysis via EQ/EN/IQ/IK, and the result will be showed in each graph. 
These graphs will be important materials for decision making on what kind 
of equipment should be used.   
Method Aim 
Arithmetic mean  Having a statistical mean 
Stationary points Identifying upper/low limitations 
Sum Adding up for a  total number 
Range Calculating the range between stationary points 
Modal number The value that is repeated most frequently in the 
data set 
Frequency 
distribution 
frequency analysis of each single unit 
Relative percentage Calculate the percentage of each group after 
categorization 
ABC analysis Sort in numerical order and accumulative the 
percentage 
General drawing EIQ analysis table  
Analysis sheet EQ, EN, IQ, IK etc 
Distribution chart EQ, EN, IQ, IK etc 
                                                               Table 3.1: Statistical method of EIQ analysis (Y. Liu， 2005). 
3. Chart interpretation and analysis  
EIQ basic idea:  
(EQ) analysis of the quantity of products shipped by each order 
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(EN) analysis of the types of products shipped by each order 
(IQ) analysis of a single product’s total shipping quantity 
(IK) analysis of a single product’s total shipping frequency 
(1) EQ Analysis:  
 understand the distribution of quantity via single order,  
 determine the principles of order processing, picking 
systems plan, shipping methods impact and shipping area 
plan 
The aim of the analysis sheet: be able to determine the quantity and 
distribution of each order; and understand the customer demand in delivery. 
It will be reliable resource for management study. 
The aim of the distribution chart: Distribution chart can help classify the 
customers. By looking at the percentage of the orders quantity, and the 
corresponding percentage of total shipping amount; in this way, the 
company can see if the majority of orders come from a same client.    
(2)  EN Analysis:  
 Analysis of the types of products shipped by each order 
 Understand the influence of distribution in the order 
processing principle, picking systems plan, shipping 
methods and shipping area plan  
The aim of the analysis sheet: According to the total number of product 
kinds ordered in one day, company can understand the customer's order and 
distribution of each category, so the picking in an appropriate way can be 
determined.  
The aim of the distribution chart: Manager can easily master the distribution 
status of products kinds that have been ordered from each client. According 
to that, a picking process can be chosen between batch picking and order 
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picking. This will increase picking efficiency, determine a reasonable 
picking time and staff’s needs.  
 (3) IQ Analysis: Understand a single product type’s distribution in total 
shipping amount. 
The aim of the analysis sheet is to categorize multiple products and 
distinguish the corresponding management. To do that, the system needs to 
monitor both the percentage of a single product’s shipping amount and the 
total one. This can reveal the more popular products types, which were 
dominating the shipping amount in a certain period. 
The aim of the distribution chart: According to the IQ-ABC analysis, staff 
can easily identify the most popular product’s condition and strengthen the 
control. IQ distribution chart has influence on flexibility of storage area 
design and the picking process. 
(4) IK analysis: Analysis of single product’s total shipping frequency  
The aim of the analysis sheet: the order frequency statistics of each client 
can reveal each item´s shipping frequency.  
The aim of the distribution chart: shows the product’s shipping frequency. 
The combining use with IQ analysis can even determine the warehouse and 
the choice of picking system.  
4. Execution  
In order to get an EIQ statistical table, EQ must be sorted in numerical order. 
After implementation of EQ, EN, IQ, IK analysis, a system of EIQ analysis 
table can be created.  
5. Application of distribution chart of EQ, IQ, EN, IK 
Based on their distribution curves and trends, advice about picking process 
and design of the storage area can be given.   
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3.3.2 EIQ ANALYSIS APPLICATION IN LOGISTIC 
EIQ analysis can provide the following information in choosing the 
appropriate logistics facility (Y. Liu， 2005):   
EIQ analysis and logistics´ characteristics 
Client characteristic:  information about the total number of clients can be 
retrieved from analysis based on factor E. Information about the total 
number of product kinds, that has been ordered by each client, can be got 
from factor EN. From factor EI, the company can get information about 
customer needs in each region. Finally from factor EQ, company can define 
the relationship with each client and the importance.  
Product characteristic: company can get information about the product´s 
scope from factor I. The needs of diversity of each product can be analyzed 
by factor IK.  From factor IQ, each product´s marketing condition can be 
decided, such as if it is a fast seller or an unsalable article.  
Picking characteristics: According to different orders’ needs, picking 
process might use batch picking with sorting or order picking. Sometimes 
picking process will include both methods since different product kinds will 
be picked.  
Storage characteristics: After picking process has been decided, storage 
plan can take place. Usually company will use different equipment and floor 
space, according to different packing unit to optimal storage operation.  
Distribution characteristics: Since different client will use various units of 
measurement, it can leads to misunderstanding between the client and 
company. To optimize distribution system, it is necessary to calculate each 
order’s total volume and weight, and compare them to each truck´s loading 
limit. Restrictions of traffic and company´s distribution strategy should also 
be considered.    
Logistics characteristics: regarding to those characters above and 
company´s business strategy, information strategy and management culture 
can be defined as logistics characteristics.  
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Calculation of space demands for inventory and other relevant works 
The aggregate demand is the product of the average total shipments from IQ 
and the number of varieties, which can be used to estimate the aggregate 
inventory demand by multiplying the number of inventory days; the average 
EQ multiplied by the number of orders can be used to estimate the demands 
for delivery vehicles or the space demands for temporary storage staging 
area (Yang Wei, Cao Jujiang, 2006). 
Provision of information on various operating efficiencies 
The operation efficiency at various stages of the logistics may be compared 
through regular EIQ analysis of the logistics center under operation, and 
thus the problems in logistics system may be discovered to avoid the 
inapplicability of which the managers are unaware due to environmental 
changes. Therefore, EIQ analysis may be used as a diagnostic tool for the 
logistics center. 
Provision of sale or shipment forecasting data 
The EIQ information may be used as a basis for sales forecasting and 
planning, to improve the inventory carry rate and the employee working 
efficiency and to reduce the lead time of the delivery (Ma Quanwei, 2007). 
Provision of information on logistics equipment systems 
Although the operation form changes a lot in the logistics center, there is 
usually a design rule for the system forming a logistics center such as 
automated warehouse, automatic classifier, picking system, mobile 
scaffolding, conveyor belts, forklifts and other equipment. The over-
automation design may be avoided by analyzing the equipment model or 
automation degree required by the logistics center with EIQ information, 
which may cause the device to fail to play as expected and even cause 
operation obstacles. From the perspective of the IQ curve, goods in Group A 
may be automated to realize the 80% of shipment automation, namely the 
80% automation benefit may be achieved by the 20% automation cost, but 
the scale of "Q" must be considered. With respect to the varieties with the 
time category of A, the equipment demands vary with the scale of "Q", 
therefore the logistics efficiency must be satisfied (Y. Liu， 2005). 
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In the storage area, if employees use the right equipment and the correct 
operation method, efficiency can be greatly improved. In the following 
sections the author will introduce some of the equipment which have been 
commonly used to store and transport and the principles of choosing 
equipment.   
3.4 SELECTION OF EQUIPEMENT IN STORAGE AREA 
Storage area is one of the most important areas in the warehouse, so the 
designer must think about: what kind of handling equipment shall be used to 
satisfy the purchase and shipping requirements of the storage area; what 
kind of storage equipment shall be used to realize the convenient and 
efficient access to goods; what kind of delivery equipment shall be used to 
transport the cargos from one operating area to another quickly, efficiently 
and accurately. In order to improve the operation level of the storage area, 
there shall be not only good software systems, but also applicable hardware 
systems. This section mainly describes the selection of major equipment in 
the storage area. 
3.4.1 PRINCIPLES OF EQUIPMENT SELECTION 
Equipment in the warehouse is generally large in the investment and long in 
the service life, so its configuration and selection shall comply with the 
following principles (G. Wei，2002). 
 (1) Systematization 
In this principle, the systematic views and methods are used for the 
equipment configuration and selection to systematically analyze various 
aspects involved in equipment operation in the warehouse, so as to improve 
the performance of all aspects that allows devices to maximize the 
performance and make the overall benefits of logistics system optimal. 
 (2) Applicability  
Applicability refers to the ability of logistics equipment to satisfy the 
application requirements, which basically includes the adaptability and the 
practicality. In the configuration and selection of equipment, attention shall 
be fully paid to that the actual needs of logistics operations shall adapt to the 
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development planning, the characteristics of goods, the shipment demands, 
different working conditions and the performance requirements of various 
works, and the operation must be flexible and convenient. 
(3) Technical advancement 
Technical advancement refers to that the logistics equipment configured and 
selected may reflect the current advanced achievements of science and 
technology, with technical advancement in terms of the major technical 
performance, the automation degree, the structure optimization, the 
environmental protection, the operating conditions, the application of 
modern new technology, and may satisfy the requirements on technological 
development in terms of timeliness. 
 (4) Low cost 
It refers to the low life-cycle cost of logistics machinery, which not only 
refers to the low cost in one acquisition, but more importantly the low 
operation expenses of logistics machinery. The operation of any advanced 
logistics machinery would be restricted by economic conditions, so low cost 
is one of the main indicator and bases to measure its technical feasibility. 
 (5) Reliability and security 
Reliability refers to the ability of logistics machinery to complete the 
required function at the specified time and under the specified conditions. 
Security refers to the ability of logistics machinery to protect the safety of 
persons and cargos and to prevent the environment from being damaged. 
Subject to the improvement of the modernization degree of logistics 
operations, both reliability and security are increasingly becoming important 
factors to measure the quality of the equipment. 
(6) Multi-purpose  
Multi-purpose refers to that the logistics machinery has a variety of 
functions, and is able to complete various works. The multi-purpose 
logistics equipment may be configured to realize that one machine can run 
continuously under various operating environments, which will help to 
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reduce the operating procedures, improve the operation efficiency and 
reduce the units of logistics equipment, thus realizing the convenient 
management of logistics equipment. 
3.4.2 SELECTION OF STORAGE EQUIPMENT  
According to goods´ different characteristics, packaging unit, weight, 
carrying holder and access method, storage equipment will design to 
different structure and type. Long with the increasing with mechanization 
and automation, storage equipment are developing all the time. Apart from 
traditional racking, there are several modern novels racking (Gwynne 
Richards, 2011).  
There are many different forms of racking systems on the today´s market. 
Each of them has a special roll and depends on their operation envisaged, 
they will use in a different way. With choosing of storage systems, company 
has to make trade-off between speed, cost and capacity. 
An operation which needs greater storage, the need of density of pallet 
storage should also be great. The potential option in these situations can be 
drive-in, double-deep or narrow aisle racking. But disadvantages with those 
systems are taking longer to access and deposit pallets and require specific 
handling equipment. For a wide aisle, products are easier and quicker to 
access but it takes more floor space (Gwynne Richards, 2011).  
There are following pallet racking configurations have been using today.  
 Block stacking 
 Racked storage  
 Wide aisle pallet racking 
 Double-deep racking 
 Narrow aisle racking  
 Drive-in/drive-through racking 
 Pallet flow/live storage  
 Push-back racking 
 Mobile racking  
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Author will introduce each storage medium´s advantages and disadvantages 
in the appendix 1, where the readers can get more information about 
different storage options.    
3.4.2.1 SELECTION OF STORAGE DEVICES 
Storage is the core of logistics operations. The storage devices are the most 
basic logistics facilities, which can be used not only to store or effectively 
protect goods, but also improve the utilization of storage space. In the 
selection of an appropriate storage device, the most important basis is the 
function and operation mode of the warehouse; secondly, account must be 
taken into for the characteristics of goods, the logistics scale, the warehouse 
structure and the supporting handling equipment (G. Wei，2002). 
The selection and design of storage devices must include the following steps: 
(1) Planning of inventory system 
There are several dozens of product categories in the storage area, each 
varying in the shipment, the storage method, the picking unit and the 
packing form. Therefore, the aforementioned EIQ method can be used to 
analyze the basic information, after which the goods will be classified into 
Category A, Category B and Category C, and the storage devices will be 
selected depending on the category of goods. 
(2) Model selection of storage devices 
The rational configuration and selection of storage devices are particularly 
important to the logistics chains, therefore the following aspects shall be 
considered in the section of storage devices:  
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                    Figure 3.10: Aspects shall be considered in the section of storage devices (G. Wei，2002). 
① Cargo characteristics 
The selection of storage units will be affected by the size of goods, the 
contour packaging and the nature of goods, which decides the storage 
devices used, for example the pallet shelves used for pallet storage and the 
box shelves for tank storage. Some special storage devices may be used if 
the outline dimension is special, while the storage devices shall be protected 
if there are special requirements by the natural properties, such as the 
perishable and flammable items. 
② Operation mode 
The operation mode of storage area also affects the selection of storage 
devices, and generally the accessibility and the storage density are in an 
opposite relation. In other words, the higher the accessibility is, the smaller 
the storage density will be. Although some shelves have a higher storage 
density, the management of storage spaces is more complex. 
③ Purchase and shipping 
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The appropriate storage devices are selected by whether the proposed 
storage area requires the FIFO (first in, first out) of inventory goods, and by 
the purchase and shipping frequency of goods. In some storage areas require 
the FIFO of inventory goods, although some shelves have a higher storage 
density, the purchase and shipping of goods are not high and only suitable 
for low-frequency operation. The following table has showed the 
appropriate storage devices are selected by the purchase and shipping 
frequency.  
          Table 3.2: The appropriate storage devices by the purchase and shipping frequency of goods (G. Wei，2002). 
④ Handling equipment 
Storage unit High frequency Medium 
frequency 
Low frequency 
Pallet Mobile pallet 
rack 
(20-30 
pallets/hour) 
Pull-back rack 
(30 pallets/hour) 
Automated 
storage 
(30 pallets/hour) 
Pallet racking 
(10-15 
pallets/hour) 
Drive-in 
racking 
(10 
pallets/hour) 
Drive-through 
racking 
(10 
pallets/hour) 
Push-back 
racking 
(10 
pallets/hour) 
Mobile rack 
(10 
pallets/hour) 
Container Mobile container 
rack 
(30-50 
boxes/hour) 
Carousel 
(20-40 
seconds/time) 
Medium racking Mobile rack 
Single unit Single product 
automatic picking 
system 
(6000 unit/hour) 
Light racking Slid racking 
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The storage devices are accessed by the handling equipment, therefore the 
type, specification and features of handling equipment must be considered 
in the selection of storage devices. The width of shelf channel directly 
affects the selection of forklift type (of balance weight or of narrow path). It 
shall also be considered that whether the lifting height and the lifting 
capacity can satisfy the requirements of operations within the warehouse. 
⑤ Warehouse structure 
The effective height under the warehouse beam shall also be considered in 
the selection of storage devices and handling equipment. The beam position 
may affect the configuration of shelves; the floor withstanding strength and 
smoothness are also associated with the design and installation of shelves; 
account shall also be taken into for the setting of fire prevention facilities 
and lighting facilities. 
3.4.3 WAREHOUSE HANDLING EQUIPMENT 
Nowadays all the warehouse is required improved accuracy, shorter lead 
times, lower cost, minimal manual input and increase throughput levels and 
all of them can achieve by using different types of handling equipment 
(Gwynne Richards, 2011).  
In this section, author will introduce some handling equipment which used 
recently and some principles about choosing the correct equipment.  
3.4.3.1 HANDLING EQUIPMENTS 
There are some principles about choosing the correct equipment: 
 Reducer unit materials handling costs 
 Reducer handling time 
 Conserve floor space 
 Avoid hurt to staff 
 Reduce energy consumption 
In order to choose the most suitable equipment and the best handling 
solution need to consider all of them aspects.  
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There are some important factors with choosing equipment (Gwynne 
Richards, 2011):  
 The load and the type of pallet 
 Type of storage and operation 
 Warehouse dimensions  
 Overhead obstructions 
 Surfaces and gradients 
 Working area  
There are some factors to decide how to choose the most efficient 
mechanical handling equipment for a warehouse.  
 Define the functions to be performed 
 Travel distance and speed relationship has to be understand 
 The limits of the warehouse and its structures has to be understand 
 Evaluate equipment and relative costs 
1, Horizontal movement 
There are some examples of horizontal movement equipment: 
 Hand pallet trucks 
 Powered pallet trucks 
 Tow tractors/tugs 
 Automated guided vehicles 
Author will introduce each of them in the appendix 2, where the readers can 
get more information about different handling equipment.    
2, Vertical and horizontal movement 
In order to get a higher utilization rate of a building, pallets or unit loads 
need to be lifted into their defined positions. Forklift trucks have different 
lift-height capability, weight capacity and turning circle.  
There are some examples of vertical and horizontal movement equipment: 
 Pallet stacker 
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 Counter-balance forklift trucks (CBT) 
 Reach trucks 
 Man-up order pickers 
 Automated storage and retrieval systems (AS/RS) 
 Specialized equipment 
 
Author will introduce each of them in the appendix 3, where the readers can 
get more information about different vertical and horizontal movement 
equipment.    
3.4.3.2 SELECTION OF HANDLING EQUIPMENT, SELECTION OF 
FORKLIFT 
Forklift is the most common handling equipment in the logistics center, so 
the selection of forklift will be introduced here. 
1. It shall be selected according to the daily handling capacity, the operation 
height and the handling distance of the storage area. 
The technical performance parameters of the forklift must be consistent with 
the daily handling capacity, the operation height and the handling distance 
of the storage area (G. Wei, 2002). 
(1) The daily handling capacity of the storage area refers to the total weight 
of cargos or the number of handling pallets in and out from the storage area 
every day, which may be used to determine the handling ability and the 
number of forklifts selected. The handling capacity of forklift is reflected in 
the quantity and weight of pallets handled within a certain period, which is 
related to the rated load, the operation environment (namely, the size of 
storage area and the length of channel) and the operators of the forklift. 
(2) Operation height 
The maximum lifting height of forklift is selected according to its operation 
height in the storage area, and it shall be ensured that the former is larger 
than the latter. 
2. Other factors 
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(1) Pallet 
Most forklifts are operating by pallets, so the dimension and specification of 
pallets directly affect the selection of forklift models. At present, the most 
widely used pallets are the EN 800×1200 and 1000×1200 four-forks pallets 
suitable for all types of models, but the two-way and two-sided pallets are 
only suitable for the forward forklift and the counterbalanced forklift (Z. 
Wang，2003). 
(2) Width of channel 
The width of channel shall at least allow the forklift to make a turn or to get 
the cargos. Different types of forklift require different width of channel:  
Type Powered 
pallet 
trucks 
 
Counter-
balance 
forklift 
trucks 
Reach 
trucks 
 
Side 
forklift 
Man-up 
order 
pickers 
 
Width of 
channel  
(m) 
1.2-1.5 3-4.5 2.5 Slightly 
larger than 
the width 
of forklift 
1.2 
                      Table 3.3: Different types of forklift require different width of channel (Z. Wang，2003). 
(3) Ground in the storage area 
The operation of forklift is greatly affected by the smoothness, the flatness 
and the load-bearing capacity of the storage area. If the load-bearing 
capacity is insufficient of the storage area, the impact of its dead-weight on 
the ground should be fully considered when selecting the forklift. 
3.4.4 MACHINERY SELECTION BY EIQ-IQ CURVE  
In the selection of machinery in the storage area, the IQ curve may be used 
to preliminarily select the machinery, and then the suitable machinery may 
be selected according to the picking speed and the cost (Z. Wang，2003). 
1. Goods of few varieties and in large batch 
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Goods of few varieties and in large batch are generally stacked in special 
containers and pallets, and then kept in the shelves and the automated 
warehouse. 
2. Goods of medium varieties and in medium batch 
Goods of medium varieties and in medium batch are smaller in shipment 
and held in bin-type units, which is kept in the bin-type automated 
warehouse and the box-type movable shelves. 
3. Goods of many varieties and in small batch 
In case of small shipment and many varieties, the goods shall be taken from 
the bin to the movable shelves or the rotating shelves for picking. The goods 
seldom shipped shall be placed on the pile-up shelves. 
Selection Procedures 
Draw the IQ curve according to the basic information first, and then arrange 
the corresponding physical machines by the sequence of varieties and 
batches above along the IQ curve. The logistics machinery may be selected 
preliminarily when analyzing the IQ curve. As an alternative, a lot of 
machineries may be selected to constitute an optimized logistics system 
according to the specific circumstances of Group A, Group B and Group C. 
 
                  Figure 3.12: IQ curve and logistics equipment (Z. Wang，2003).  
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3.5 SELECTION DESIGN  
The EIQ method will be used to find the suitable choice of storage devices 
and equipment, after which the goods has classified into Category A, B and 
C. The selection of storage devices will be decided by cargo characteristics 
like the size of goods, principles of equipment selection, purchase and 
shipping frequency as shown in the table 3.2.  
The selection of handling equipment will be decided by the daily handling 
capacity of the storage area, type of storage and operation, the type of pallet, 
width of the channel as shown in the table 3.3 and EIQ-IQ curve as shown 
in the figure 3.12.  
PART 2: 
The rational planning can highly improve the performance of the whole 
inventory and reduce the cost in the storage area. This part is containing a 
detailed description about slot planning.  
First, the author will introduce the methods to encode the slots and the 
number of cargo. Then, an introduction about the basic principles and 
information of slot planning is described. By considering the targets and 
restrictions of slot planning, the modeling of slot planning is made. The slot 
planning is a multi-objective decision. After considering the pros and cons 
of a several other methods, author has chosen to use genetic algorithms to 
solve the problem. In genetic algorithms, there are lots of approaches that 
can be applied in solving multi-objective optimization problems, but the 
author has chosen a combined approach combining parallel selection 
method, multi-gender evolutionary method and constraint method. Finally, 
MATLAB has been used to achieve the optimal solution for slot planning.  
3.6 PLANNING AND DESIGN OF SLOTS IN THE STORAGE AREA  
The function of the storage area is to store goods. When goods arrive to the 
inventory, most of goods need to store in the slots. How to put goods in the 
slot in a most reasonable manner has become a problem that storage 
projector has to figure out. In this section, author will discuss how to plan 
the slot in the storage area.  
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3.6.1. ENCODING OF SLOTS AND NUMBERING OF CARGOS  
After the slots are planned well in the storage area, the slot number, item 
name, serial number and other record codes used for identification will be 
quite important for the convenient memorization and recording, without 
which the storage areas will be under a disordered operation. A letter will be 
sent to the right recipient only when his address and name are specified, and 
in fact the slot code is just as the address and the cargo number is just as the 
name in general. That is, there shall be an address and a name of each 
product in order to find it immediately when required. 
3.6.1.1 ENCODING OF SLOTS  
1. Functions of encoding of slots 
After being coded, the slots may provide the access location of goods to the 
operators, to facilitate the access to goods and the inquiries, thus saving the 
storage and picking time and even improving the operational efficiency of 
the logistics center. It can also make the warehousing and procurement 
personnel understand the storage space and thereby control the inventory of 
goods. 
2. Methods to encode the slots 
In general, there are the following four methods to encode the slots 
(Greenberg H J, 1989): 
 (1) By segment 
The safeguard area is divided into several segments which shall be encoded 
later. With segment as the encoding unit, the storage area represented by 
each number will be quite large, so this method is suitable for the goods 
unitized easily and the goods in large amount or of a short safeguard period. 
This method is also suitable for the goods of Group A and Group B. The 
segment size of goods is determined by the logistics quantity, with their 
configuration order determined by the purchase and shipping frequency. 
 (2) By item group 
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Some correlated goods are collected and then classified into several item 
groups which will be encoded later. This method is suitable for the goods 
distinguished easily and the goods with large brand gap, such as the clothing 
and the hardware. 
(3) By address 
The existing reference units in the storage area may be used for encoding by 
its relevant orders, such as a building, a segment, a row, a line, a layer and a 
shelf. The segment encoded in this manner is usually based on one storage 
area, and is encoded by the relevant orders for the simple and convenient 
application, so this method is most frequently used in the logistics center 
currently. However, subject to the volume of the slots, this method is used 
for storage of goods in small amount or at high unit price, such as the goods 
of Group A. 
(4) By coordinates 
It refers to encode the storage location in the concept of space. Due to its 
over-detailed division of each slot, this method is relatively complex in the 
management, and only suitable for the goods of small flow rate and with a 
long storage time. The method to encode the slots varies with the 
characteristics of the goods stored, and is determined by the storage capacity, 
turnover rate and storage space layout of the goods stored and then 
safeguard devices used. The encoding method also affects the management. 
Therefore, all of the factors above shall be considered in the selection of 
encoding method. 
3.6.1.2 Numbering of cargos 
The so-called numbering of cargos refers to arrange the cargos orderly by 
their categories and contents, and to represent their names and categories 
with concise texts, symbols or numbers. There have already been item 
numbers and bar codes for the majority of products after the purchase, but 
the commodity codes and logistics barcodes may be used sometimes for the 
logistics management and inventory control and to coordinate with the 
logistics systems, which also facilitates the storage location to manage the 
operation of systems and to control the movements of goods (Z. Yu，2001). 
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1. Functions of numbering of cargos 
The numbered cargos may have the following features in terms of the 
management: improve the efficiency of goods movement; prevent the same 
goods from being re-ordered; satisfy the FIFO principle; save the manpower, 
the expenditures, and the costs. 
2. Methods to number the cargos  
In general, there are the following seven methods to number the cargos: 
(1) In numerical order 
Starting from 1, this numbering method is usually used in accounts or 
invoices, belonging to the extension approach. There shall be a numerical 
index, or it will be difficult to understand the meaning of the numbers. 
 (2) By digital segment 
Segment the numbers, each segment representing the common 
characteristics of the one kind of goods. There shall also be a numerical 
index, but easier to be inquired than the former method. 
 (3) By groups 
In this method, the characteristics of goods fall into four number groups: 
grouped by type, shape, composition and size. The digits of each number are 
determined by the actual needs, and this method is used more widely. 
 (4) By the actual meaning 
Some or all of the numbers are used to represent the weight, size, distance 
or other features of the goods. This method is characterized by that a 
number is enough to make you understand the contents of goods. 
(5) By the last figure 
The last figure will be used to subdivide the similar goods further, and the 
decimal numbering method can be used either. 
(6) By hints 
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In this method, the numbers and texts are used together to imply the 
contents of goods. This method has an advantage of easy memorization. 
(7) By combination  
The English letters and the Arabic numbers are combined to number the 
cargos, where the English letters are usually used to represent the category 
and name of goods, and followed by the Arabic numbers in decade or other 
manner. 
There are roughly the following two forms to number the cargos: 
(a) Extension: there is no restriction to the classification levels of goods, 
which can be extended at will depending on the actual needs; but the only 
drawback is that it is hard to arrange the goods well. 
(b) Non-extension: there are a certain limits on the classification levels of 
goods and the figures used, which may not be extended at will; although 
there is a unified form, the lack of flexibility makes it difficult to adapt to 
the actual circumstances. The number marks used to identify the goods may 
be placed on the containers, the products or the storage locations, and shall 
be distinct in color, font and size so as to allow the operator to easily get the 
information. 
3.6.2 PLANNING PRINCIPLES OF SLOTS  
The following principles shall be complied with as far as possible when 
planning the slots in the storage area in the logistics center (Z. Yu，2001). 
1. On the basis of turnover rate 
The cargos are sorted on the basis of turnover rate, and then divided into 
several segments, with the goods belonging to the same segment listed in 
one segment. The storage area is designated for each level of goods in the 
principles of positioning or classified storage. The higher the turnover rate is, 
the closer the goods will be to the entrance. 
2. Product relevance 
  Page 
51 
 
  
By this, the picking distance and the staff fatigue may be reduced, and the 
inventory work may be simplified. The product relevance may be analyzed 
with the information on historical orders (Y. Wang，2003). 
3. Product identity 
The same kind of goods will be stored at the same safeguard location, which 
makes the staff acquainted with the safeguard location of cargos, and 
ensures that it takes a minimum time to handle the same good, thus 
improving the operational efficiency in the storage area. 
4. Product complementarity 
The highly complementary goods shall be stored close to each other, so that 
the alternative may be used quickly in case of stock out. 
5. Product compatibility 
The cargos with low compatibility may not be placed together, so as to 
prevent them from being damaged. 
6. Product dimension 
When arranging the storage area, both the unit size of cargos and the overall 
shape formed by a group of the same goods shall be considered, so as to 
provide the adequate space which may satisfy a specific demand. Therefore, 
the storage space of goods shall be different in sizes, to accommodate the 
goods of different sizes and different volumes. On this principle, the number 
of cargos stored will match with the storage location for the fast dispatching, 
thus reducing both the handling work and the handling time. 
7. Total characteristics 
The location of cargos stored in the slot is determined by the weight of 
goods: in general, the heavy goods shall be kept on the lower shelves, with 
the light goods on the upper shelves; in case of manual handling, the heavy 
goods shall be kept on the shelves below the waist, with the light goods on 
the shelves above the waist. 
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3.6.3 BASIC INFORMATION ON SLOT PLANNING  
The first step for slot planning is to collect some basic data, including the 
cargo characteristics, the cargo demands and the product documents. 
1. Cargo characteristics 
 (1) Slot identity 
Slot identity refers to the encoding of slots which has been described in 
detail already. 
(2) Slot type  
It refers to the size of slots. 
(3) Type of storage device 
It refers to that the goods are stored in pallet shelves or stacked in a flat. 
(4) Type of picking device 
It refers to what kind of picking device is used. 
(5) Picking mode 
It refers to how the picking device picks: by the full pallet, by the full 
container, or by devanning. 
(6) Height, width, depth and carrying capacity of cargos 
2. Product characteristics 
The product characteristics mainly refer to the category of goods, the height, 
the width, the depth, and the weight, the growth in demand, the units of 
measurement and the quantity, which can be obtained from Warehouse 
Management System (WMS) or Enterprise Resource Planning (ERP) (X. 
Liu，2004).  
3. Liquidity of goods 
(1) Sales frequency  
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The sales frequency of goods refers to the purchase and shipping frequency 
of goods during a certain period, which is different during different periods. 
(2) Sales volume 
The sales volume may reflect the quantity of goods sold during a certain 
period. It is not in direct proportion to the sales frequency of goods: the 
goods with large sales frequency is not necessarily with large sales volume; 
and vice versa. 
(3) Sales forecast 
Sales forecast refers to the sales of an item in one coming period, including 
the sales frequency and the sales volume. The data is usually analyzed with 
reference to the historical data of goods, but the sales forecast will be used 
instead if the items change frequently and have no historical data. 
(4) Inventory 
It refers to the total inventory of one good in the current stock, which can be 
used to understand the stock status of goods. When selecting the shelf layer 
for the picking area at low turnover rate, it is the inventory rather than the 
sales level that shall be used as an important indicator. 
The liquidity of goods is one of the key attributes in slot planning to 
determine the distances of the slot from the receiving area and shipping area. 
The analysis of activities in the logistics center is conducive to analyzing the 
historical data of goods, the demands, the lead time, the turnover rate and 
the special operation characteristics, so as to give us some references to 
determine a reasonable slot. 
3.6.4 MODELING OF SLOT PLANNING 
The targets of slot planning shall be specified before the modeling, and this 
step is so important to avoid the repeated follow-up works. 
3.6.4.1 PLANNING OF TARGETS  
The slot is planned to determine the proper manner to store the goods and 
the allocation of storage space in that storage manner. By considering the 
different characteristics of devices and shelves, the goods grouping, the slot 
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planning and the in-built labor costs, the slot planning is aimed to achieve 
the optimal slot allocation, to effectively understand the changes in goods 
and to maximize the cost savings, therefore the final target of slot planning 
is to lower the cost by improving the productivity and reducing the useless 
movements. The slot planning has the following objectives: shorten the 
travelling distance; reduce the replenishment workload; balance the 
workload of operators; and improve the picking efficiency (S. Cheng，
2004). 
What can we do to reduce the cost? The goods at a high turnover rate may 
be placed close to the shipping area, so that the picking will be simplified 
and the operating efficiency will be improved; however, the weight of the 
goods shall be considered either, because it may affect the stability of 
shelves. In general, the heavy goods shall be kept on the lower shelves, with 
the light goods on the upper shelves, so that the overall center of gravity is 
lowest for the shelves and thus the stability of shelves will be ensured. 
3.6.4.2 MODELING  
The slots are planned and adjusted to make all goods in an ideal slot on the 
principles of “improving the operation efficiency” and “satisfying the 
restrictions”. The restrictions are satisfied by reducing the operation 
efficiency. Thus, the slot planning is a multi-objective decision. 
In this paper, the modeling of slot planning is based on its objectives and 
constraints. 
It is assumed that there are a total of n rows of shelves, each shelf with p 
lines of slots at q layers in one storage area in the logistics center, and each 
slot at the length of a and at the height of b; the line close to the shipping 
area is the first line, and the bottom layer is the first layer. A model is built 
for the clear illustration, with a row of shelves as the study object and with 
the forklift operation as an example. 
1. Primary objective function: F1 
In order to improve the operation efficiency and reduce the travelling 
distance, the goods at a high turnover rate shall be placed close to the 
  Page 
55 
 
  
shipping area on the principle of making the total handling distance 
minimum according to the liquidity of goods. 
                   
                                                               
(3-1) 
Where: 
fxz: product´s turnover rate in column x, layer z, number/month 
txz: total time which needs to transfer a goods in column x, layer z to 
shipping area, s 
                                                                                               
(3-2) 
Where: 
a: length of cargo space, m 
b: height of cargo space, m 
x: the horizontal coordinate of the goods which means the column of this 
cargo space  
z: the vertical coordinate of the goods which means the layer of this cargo 
space 
vx: counter-balance forklift trucks´ horizontal speed, m/s 
vy: counter-balance forklift trucks´ vertical speed, m/s 
Put the second function into the first one: 
                                                            
(3-3) 
2. Secondary objective function: F2 
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To make the shelf even by force and ensure the stability of the shelf 
structure, the heavy goods shall be kept on the lower shelves, with the light 
goods on the upper shelves, so that the overall center of gravity is lowest for 
the shelves. 
                                                                      
                                                                 
(3-4) 
 
Where: 
Mxz: the weight of goods in the column x, layer z  
There are also other principles to be followed in the slot planning: the goods 
with similarities shall be placed together, so that the dispersion degree 
between the goods with similarities is as small as possible and that without 
similarities is as large as possible. Subject to the length of the paper, only 
the two objective functions above are considered here for the slot planning. 
To sum up, the model of location planning should looks like this:  
                                                 
 
 
                                       
(3-5) 
 
 
Where:  
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3.6.5 DETERMINATION OF ALGORITHM OF SLOT PLANNING  
Slot planning is a multi-objective decision. There are several methods to 
solve this problem like linear weighted sum law, minimax methods and 
ideal point method. Those methods have respective advantages but they still 
have some deficiency. Because genetic algorithm has lots of advantages, so 
author has chosen this algorithm to solve the problem.  
3.6.5.1 INTRODUCTION TO GENETIC ALGORITHMS 
1. Genetic Algorithms Overview 
Genetic Algorithm proposed by John Holland in 1975, the genetic algorithm 
is a search algorithm with “survival-examination” iterative process, which 
simulates the algorithm model of Darwinian’ biological evolution process 
based on genetic selection and natural selection (L. Shao，2005).  
Genetic algorithm is an efficient, parallel and randomized global search 
algorithm. It firstly encodes individuals, that is, converts individual 
approximate solutions to numerical string called Solution Chromosome, 
which enables the chromosome value to be uniquely described in the 
decision variables. Secondly, a number of randomly generated 
chromosomes constitute a chromosome set called population. A group has a 
fixed number of chromosomes and is called population size, thus the 
randomly generated population functions as the initial population of genetic 
algorithm. Thirdly, estimate individual characteristics in question domain 
using target function-fitness function, among which individuals with high 
fitness have a higher probability to be selected to participate in mating. 
Finally, generate offspring individuals after the selection, crossover and 
mutation of initial generation, apply optimal selection strategy to replace the 
worst performed offspring with best performed parent individuals, continue 
to conduct selection, crossover and mutation calculations on offspring, cycle 
the process until the determination condition is met, then the corresponding 
solution of the best performed chromosome in the last generation is the 
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approximate optimal solution (W. Xing，1999). Basic flow chart of genetic 
algorithm looks like in figure 3.13:  
 
Figure 3.13: Basic flow chart of genetic algorithm (Matthew Wall, 1991) 
2. Approach to solve multi- objective optimization using genetic algorithm 
Since genetic algorithm is the calculation operations on the entire 
population and the Pareto optimal solution for multi-objective issues is 
generally a set, thus genetic algorithm is also an effective means for the 
multi- objective Pareto optimal solutions (M. Li，2006). 
Similar with that for single-objective optimization issues in its basic 
structure, the genetic algorithm for multi-objective optimization issues also 
has its uniqueness in realization in application, considering issues like how 
to evaluate the Pareto optimal solution, how to design the sampling operator, 
crossover operator and mutation operator for multi-objective optimization, 
etc. The algorithms can be realized through individual selection operation 
based on the optimized relationship between various sub-objective functions, 
  Page 
59 
 
  
through independent selection operation on various sub-objective functions, 
through the application of microhabitat technique and through combined 
genetic algorithm of both original multi- objective optimization methods 
and genetic algorithms. For specific issues: 
 (1) Random-weight genetic algorithm  
For a multi-objective optimization decision, if each sub-objective function 
𝑓𝑖(𝑥)(𝑖 = 1,2, … , 𝑝)has different random weights wi. The size of each wi 
represent the degree of important in the multi-objective optimization 
problem for respective sub-objective function. The weighted-sum objective 
is given as follows: (𝑓(𝑥)) = ∑ 𝑤𝑖𝑓𝑖(𝑥)
𝑝
𝑖=1  . The random weights wi are 
calculated by the equation: 𝑤𝑖 =
𝑟𝑖
∑ 𝑟𝑗
𝑝
𝑗=1
 , 𝑖 = 1,2, , , , 𝑝.  
If use this equation 𝑢(𝑓(𝑥)) = ∑ 𝑤𝑖𝑓𝑖(𝑥)
𝑝
𝑖=1  as evaluation function for a 
multi-objective optimization problem, this problem can transfer to a single-
objective optimization problem. Random weight genetic algorithm based on 
this evaluation function and take different random weight for each 
individual, general genetic algorithm can be used to solve a multi-objective 
optimization problem and get several Pareto solutions (Mitsuo Gen and 
Runwei Cheng, 2000).  
 (2) Parallel selection  
The basic principles are equal divided all individual in the population into 
some sub groups based on the number of sub-objective functions. For each 
sub group gives a sub-objective function and those functions operate 
selection in respective sub group. Individual have high fitness in those sub 
groups have been chosen to build a new sub group and finally this group 
become a complete population. In this population carry on crossover and 
mutation operate and become next generation (M. Li, 2006).  
(3) Multi-Gender evolutionary algorithm  
Allenson initially adopted multi-gender evolutionary algorithm to cope with 
two-target optimization in pipeline route planning. Define two targets male 
and female; randomly assign gender to individuals of initial population, 
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allow only every two individuals of different genders to mate. Lis and Eiben 
extended this approach to arbitrary number of targets and allowed multiple 
individuals of different genders to mate to produce offspring. The offspring 
gender is determined by the parent which contributes the largest number of 
genes, the individual fitness determined by the sub-target function value 
corresponding to its gender, and mutation does not change the individual's 
gender. This method features with that only individuals of different genders 
can mate, avoiding random mating between individuals (Y. Li, W. Deng，
2003). 
3.6.5.2 ALGORITHM DESIGN  
In this section, the author explains how the theoretical steps of genetic 
algorithm are applied to the slot planning in this thesis.   
In genetic algorithms, lots of approaches can be applied in solving multi-
objective optimization problems, among which the most widely used is 
weight coefficient variation method. Despite that allocation planning is a 
multi-target issue, the application of weight coefficient variation is not 
appropriate due to different dimensions of the two target functions. 
This paper adopts a combined approach combining parallel selection 
method, multi-gender evolutionary method and constraint method from 
genetic algorithm approach. First, two target functions correspond to an 
initial population, set two genders for two populations and only individuals 
of different genders can cross, obtain the optimal solutions of both target 
functions after 500 genetic generations, then make the second target 
function as the constraint of the first one, solve it and then obtain the 
optimal solution of both target functions after 500 genetic generations. The 
detailed steps are as follows: 
1. Coding  
As the first to tackle in genetic algorithm application, coding is also one of 
the critical steps in designing genetic algorithms. It determines individual’s 
decoding method exchanging from genotype of search space to phenotype 
of solution space. Thus, the encoding method largely determines both the 
way and efficiency of genetic evolution operations. 
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Individuals are usually encoded with binary string. Binary encoding means 
that the coding symbol set in use is e binary set {0, 1} consisting of binary 
symbols of 0 and 1. Thus, an individual's genotype it constitutes is a binary 
string, for example, X = 1 0 0 1 0 1 01 represents an individual (X. Jia，
2003). However, this coding method is not well applied in the multi-
objective optimization issue of allocation planning. This paper codes goods 
with natural number. Below is the detailed introduction to coding process. 
The following table shows the encoding of slots of rack with m layers and n 
rows.  
 
Table 3.4: The sequence code of rack with m layers and n rows (X. Jia，2003). 
The table shows the sequence code of rack with m layers and n rows. The 
author uses the bottom layer as the first layer and the left row as the first 
row. All cargos will encoded in numerical order like 1g,  2g, 3g, 4g, 5g, 6g, 
7g, … and those coding will not be changed, then randomly generated a 
coding of slots, like 1s, 3s, 4s, 6s, 7s, 8s, 9s, … to show the correspondence 
between numbering of cargos and encoding of slots. The following table 
shows this correspondence:  
Numbering 
of cargos 
1g 2g 3g 4g 5g 6g 7g … 
Encoding 
of slots 
1s 3s 4s 6s 7s 8s 9s … 
                             Table 3.5: Correspondence between numbering of cargos and encoding of slots (X. Jia，2003). 
This correspondence is to allocate goods coded with 1g to BIN coded with 1s, 
goods coded with 2g to BIN coded with 3s, and so forth. This 
correspondence enables to determine the goods’ specific BIN, and the BIN 
coding sequence enables to clarify the specific shelf and layer, and then 
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obtain x and z coordinates to substitute into target function, then finally the 
value of target function can be obtained. 
2. Initial population generating 
The initial population is randomly generated, and the population size will 
influence the final result of genetic optimization and operation efficiency of 
genetic algorithms. When the population size NIND is too small, the 
performance of genetic algorithms are generally not very good; while larger 
population size lowers the chance of trapping into local optimal solution and 
enhances optimal performance, it also increases the complexity. 
Considering the multi-objective optimization issue, this paper randomly 
generates two populations with size N=100 for two targets respectively, as 
the initial population for allocation planning issue (H. Wu，2005). 
3. Fitness function  
Genetic algorithms use fitness to measure individuals’ final performance for 
the optimal solution during optimization process. Individuals with higher 
fitness will be more likely pass to next generation, vice versa. The function 
measuring individual fitness is called fitness function. The performance of 
fitness function affects directly planning results (H. Wu， 2005). The 
allocation planning should achieve two goals at end: the first is to make 
goods of high turnover placed on quick-pickup position, the second is to 
lower the shelf’ focus to the best in order to meet the needs for shelf 
stability. This paper use target function as fitness function. Both functions 
are described in the section 3.6.4.2 and have been summed up in the 
equation 3-5.   
4. Selection operator  
This paper adopts selection sort method to achieve the selection. 
The main idea of selection sort method is to sort all individuals among the 
population according to their fitness and then allocate the individual 
probability to be selected based on the previous sorting. The specific 
operation is (H. Wu，2005): 
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(1) Sort all individuals in the population in descending order of their fitness.  
(2) According to specific problem, design a probability distribution table 
and allocate individuals the probability value based on the above sorting. 
(3) Base the above allocated probability as their probability to inherit to the 
next generation, use previous methods like ratio selector (roulette selection) 
to generate next generation of population based on that probability. 
The specific steps are as follows:  
Generate randomly two initial populations with size of N and use the two 
initial populations as initial populations of the two target functions. Sort 
individuals in the first population according to the first target function, the 
turnover rate. The best performed individual is named No. 1 and the worst 
No. N, then the selection probability of No. i individual sorted according to 
the target function is:  
𝑝𝑖 = {
1
2
𝑝0(1 − 𝑝0)
𝑖−1, 𝑖 = 1,2, … , 𝑁
1
2
(1 − 𝑝0)
𝑁−1, 𝑖 = 𝑁
                                                 (3-6)     
PO is defined as the selection probability of best performed individual, 
which can be modified to easily adjust selection pressure. Then sort 
individuals in the second population according to the second target function, 
the shelf stability and then obtain the selection probability of No. i 
individual using the above formula. Apply selection sort method. Since the 
selection probability of front individuals are higher than that of back ones, 
the front optimal individual will have more opportunities to inherit to next 
generation of genetic population. 
5. Crossover operator  
Crossover operator is used to generate new individuals in genetic algorithms. 
By exchanging one or more parts from two selected individuals of the 
population to generate new individuals, new individuals inherit basic 
characteristics of the parents and usually have higher fitness than their 
parents. The design and realization of crossover operator is closely related 
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to the specific situation and should also take coding design into account (H. 
Wu，2005). 
Allocation planning is about allocation. The value of target function 
depends directly on the goods location on the shelf. As natural number 
coding is applied, single-point crossover operation will produce illegal 
solutions, so this paper adopts an unconventional crossover method. 
The specific steps are as follows:  
Select firstly the chromosomes for crossover operation. Since this paper 
uses multi-gender selection, two parent chromosomes for crossover are from 
two populations, that is, choose one from the first population and the other 
from the second and then make the selected two from different populations 
as the parent body for crossover operation. 
Choose a point uniformly and randomly on the chromosome as the 
crossover intersection. The offspring gene in front of the intersection 
inherits the parent gene before mating; the genes after mating are selected 
based on the principle of unrepeated genes from the other’s gene sequence.  
The process is as follows:  
(1) Parents 
Parent 1       5 3 4 2  1 8 6 7 
Parent2        2 4 6 8  7 1 5 3 
(2) Choose the fifth gene as the crossover intersection 
(3) Offspring 
Offspring 1  5 3 4 2  6 8 7 1 
Offspring 2  2 4 6 8  5 3 1 7 
Offspring 1 is gained by selecting 5 3 4 2 from before Parent 1’ crossover 
intersection, remove 5 3 4 2 from Parent 2 and select the rest 6 8 7 1 in order. 
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Offspring 2 is gained by selecting 2 4 6 8 from before Parent 2’ crossover 
intersection, and select the rest 5 3 1 7 from Parent 1 in order. 
The selection of crossover probability is also very important, for it controls 
crossover operator, which plays a dominant role in genetic algorithm. 
Unsuitable crossover probability may lead to unexpected results. Crossover 
probability controls the crossover operation frequency. Higher crossover 
probability allows full crossover of generations, but increase probability of 
destroy fine individuals in population, resulting in larger gap and making 
search more randomized. The lower crossover probability is, the smaller the 
gap is, which may maintain a continuous solution space and enables to 
obtain a larger probability to find the optimal solution, in a lower 
evolutionary rate. If the crossover probability is too low, more individuals 
will copy directly to the next generation, resulting in the stagnation of 
genetic search. It is generally recommended that the crossover probability 
pc ranges from 0.4 to 0.99 (Y. Lei, S. Zhang, X. Li，2005). This paper’ pc 
takes 0.8. 
6. Mutation operator  
Mutation operation is the improvement of genetic algorithms, repairing and 
supplementing the possible lost genes, preventing genetic algorithm from 
converging quickly and then obtaining local optimal solution. Mutation 
operator determines the local search ability of genetic algorithms and 
maintains population diversity (H. Wu，2005).  
This paper applies reverse mutation operation. The steps are as follows: 
First select the chromosomes for mutation operation. Then select two points 
uniformly and randomly the chromosome, exchange gene at the two points. 
The process is as follows:  
Chromosomes for mutation operation is 1 3 5 6 2 4. 
Randomly select two points, for example, the second and fifth, exchange the 
two alleles, then the mutated chromosome is 1 2 5 6 3 4. 
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The selection of mutation probability is also very important, for it controls 
mutation operation frequency. Larger mutation probability can produce 
more individuals and increases population diversity, but may also destroy 
lots of fine individuals, making the performance of genetic algorithm 
approximates that of random search algorithm. If the mutation probability is 
too low, then the ability of mutation operation to generate new individuals 
and inhibit the premature becomes poor. It is generally recommended to set 
mutation probability ranges from 0.0001 to 0.1 (Y. Lei, S. Zhang, X. Li，
2005). This paper’ Pm takes 0.05. 
7. Termination conditions and results specified  
This paper mainly adopts a combined method of specifying genetic 
generation M and checking fitness modification as the genetic termination 
condition. 
The way to check fitness value modification is to specify a genetic 
generation M and an appropriate small positive number ε, and terminate the 
inheritance when |newfitness-fitness| ≤ ε in M-generation.  
newfitness                   the current generation of optimal fitness modification 
fitness                           the last generation of optimal fitness modification 
3.6.5.3 GENETIC ALGORITHM SOLUTION PROCESS BASED ON 
MATLAB PROGRAM  
MATLAB is a high - performance numerical computation and visualization 
software by Math Works. It combines numerical analysis, matrix 
computation, signal processing and graphical display in one to constitute a 
convenient, user-friendly environment. Due to its powerful expansion 
capabilities and influence, MATLAB has attracted experts in various fields 
and launched a number of special toolbox based on MATLAB, making 
MATLAB the prioritized software platform for computer-aided design and 
analysis, algorithm research and application development in many fields of 
science (Fei Si Ke Ji，2003). 
As a powerful numerical computing tool, MATLAB provides a 
programming language called the fourth-generation computer language. 
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With its wealth of functions, it frees programmers from cumbersome coding, 
enables developers to call corresponding functions simply, instead of 
repeating programing. MATLAB's most significant feature is its simple and 
direct application, high-efficient programming and fine compatibility and 
scalability, which can be taken advantage to program process to build 
algorithm for allocation planning in storage area. 
Due to the advantages and wide application of genetic algorithm in solving 
process, many MATLAB-based toolboxes have emerged, among which the 
earlier one with larger impact is the MATLAB-based genetic algorithm 
toolbox by Sheffied University, the UK. This paper uses some of the 
functions from the toolbox to achieve the genetic algorithm solving for 
allocation planning. Take the planning of m BINs for instance, and the steps 
are as follows: 
1. According to the requirements of allocation planning, design 
chromosome as a random combination set with natural number from 1 to m, 
apply randperm function to generate two initial population of natural 
number. 
2. Solve the fitness of initial population. Decode the allocation code of 
natural number into the corresponding row and column in the target 
functions, that is, the corresponding values of x and z, then solve the fitness 
of initial population. 
3. Evaluate the fitness value of initial population. Operate initial population 
according to the selection, crossover and mutation methods in above 
sections; apply optimal selection strategy to replace the worst performed 
offspring individuals with the best parent bodies. Apply reins function in 
MATLAB to achieve. 
4. Set termination conditions, output the result.   
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4 EMPIRICS 
In this chapter, author described the business at Ji Yuan Hai Wan Shi Ye 
AB to provide a complete picture of the empirical data and those 
information uses as foundation of the upcoming analysis chapter. First a 
presentation of the operational process of the company has provided. This is 
followed by a description about the currently equipment choice in 
warehouse.  
4.1 COMPANY PRESENTATION 
Ji Yuan Hai Wan Shi Ye AB locates in the industrial manufactory area at Ji 
Yuan, Henan Province. It started in the December of 2011, is co-funded by 
the Xiamen Hai Wan AB and Luo Yang Shi Hua. It has integrated business 
such as scientific research, production and trade together. The total 
investment is 300 million Yuan and it been used to separate organics from 
CTA oxidation residues. The main products are verity of unsaturated 
polyester resin. Their products are widely used in the fields like industry, 
agricultural, transportation and construction. The company plans to produce 
100 thousand tons unsaturated polyester resin per year by 20 thousand tens 
CTA oxidation residues. They have also other products like test tube and 
chemicals (Company´s website).  
The company combines production and sales together with five areas 
respectively, which are production area, warehousing and logistics area, test 
and research & development area, sewage green area and administration 
area. In the later introduction, great emphasis will be laid on warehousing 
optimization area, which is suitable for the original intention of this paper. 
4.2 OPERATIONAL PROCESS OF THE COMPANY 
Raw materials like dibenzoate, phthalic anhydride, maleic anhydride, 
benzoic acid and polyester can be received every day by online order and all 
of the raw materials are laid on trays and transported by forklifts. When the 
goods are transported to the factory, some qualified products will be used 
for production after sampling inspection by special people in test area, while 
the rest goods will be stored in the warehouse or sold out. With the principle 
of first-in and first-out, those new raw materials will be arranged with 
storage bin randomly. The company has 11 groups of products and each 
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group has different product types. Each group of product has a fixed storage, 
but each product type´s position is random.  
Besides, all information about goods on the day will be stored on the 
internal information network of warehousing and logistics area. For 
example, item number, title and size, position in the warehouse, unit, 
quantity, unit price and total sum; while all information about raw materials 
on the day will be put on records in production area and warehousing 
logistics area to serve for mutual inspection, and then actual quantity of raw 
materials stored in the warehouse will be obtained with information input on 
the company’s internal information network. 
As for the production area, it is all automatic industrial production without 
many personnel being involved besides regular inspection. All information 
will be reflected on the computer control platform, from which quantity of 
raw materials and manufactured goods can be controlled directly. If one 
machine has failure, the computer terminal will give reminds timely. 
Through operation, the unsaturated polyester resin will flow out from other 
end of the machine and it will be stored in metal pail. Meanwhile, personnel 
from inspection area will be sent to give sampling inspection on products 
with qualified products packed and stored in the warehouse. The metal pails 
can be recycled and reused. When products are transported to customers, 
they will use unsaturated polyester resin for production and return those 
metal pails to the company. The total manufactured products and the rest 
raw materials will be put on records in both production area and 
warehousing logistics area, and then the actual quantities of products stored 
in warehouse as well as raw materials can be further received. 
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           Figure 4.1: The metal pails  
Through online reservation service of the company, customers can inform 
the company of products’ title, quantity as well as delivery time of the 
products they need in advance, and company will pack products in advance. 
After the goods being picked up by customers, all information about the 
exported goods will be input in the internal information network of 
warehousing logistics area. For example, the item number, title and size, 
position in the warehouse, unit, quantity, unit price and total sum. Apart 
from unsaturated polyester resin, which is packed in metal pail, the rest 
products are all packed in boxes with bar code, and the stored information 
includes item number, title and size, position in the warehouse, unit and 
quantity. 
The warehousing and logistics area will have workers check out goods in 
the warehouse before getting off work, comparing with data on internal 
network so as to be accurate. Besides, at the end of each month, they will 
make an inventory of goods regularly and report the statistical data in and 
out of the warehouse to financial department. 
If products are returned by customers, then the returned products will be 
played on the return area in the warehouse with marks of time, item number, 
tile and size, unit, quantity, unit price and total sum. Both warehousing 
logistics area and inspection area will send personnel to record the data and 
inspect the return reasons with document. These returned goods will be 
dealt with corresponding measures according to return reasons.  
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4.3 EQUIPMENT IN WAREHOUSE 
Basically current warehouse is still operated by manpower with shelves as 
the main storage equipment for storing different kinds of chemicals and raw 
materials. Usually the shelf has three to five layers, on which are products 
packed in boxes. However, due to an increasingly stronger demand and 
more products in the company, shelves with ten layers and five rows are 
introduced. In the paper, it will give planning to such shelf. 
Figure 4.2: Current shelves in the warehouse                                       Figure 4.3: Current shelves in the warehouse  
Products with large fluidity are laid on the outer end of the shelf, and 
products on each shelf are marked with title, type, weight and date based on 
the principle of first-in first-out. Besides, products are laid by their 
classification. Products of the same type or with similar features are put 
together. Supervisors in the warehouse should keep the warehouse clean and 
safe from time to time, forbidding other personnel to come in. As for metal 
pails with unsaturated polyester resin, stacking storage is adopted by the 
company with marks of type, quantity and time of each batch. 
At present, the handling and transportation facilities in the company are 
Counter-balance forklift trucks and Hand pallet trucks, but warehouse area 
mainly relies on Counter-balance forklift and manual delivery for logistics 
operation. 
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Figure 4.4: Counter-balance forklift trucks                                            Figure 4.5: Hand pallet trucks 
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5. ANALYSIS 
In this chapter, it mainly gives planning and design for warehouse area of 
the company. Methods mentioned in the former chapters will be applied to 
practice so as to verify their feasibility by analysis. This chapter will also be 
dividing into two parts. First, IQ and IK curve of EIQ analysis will be 
applied to make general choice about storage equipment and transportation 
equipment according to order quantity and order times of goods stored in 
warehouse area, comparing with the actual equipment applied in the 
logistics center, which proves that the method is feasible, and it will be 
better with some improvement. At last, according to the turnover and weight 
of the 50 kinds of goods, 50 cargo spaces will be planned with the 
established space planning model, and then MATLAB genetic algorithm 
will be applied to find solutions with the conclusion of final space planning 
scheme. Through analysis, the scheme is feasible. It proves that research 
methods in this chapter are of certain actual significance. The end of the 
chapter presents the recommendation about material handlings equipment. 
PART 1:  
5,1 SELECTION OF EQUIPMENT IN WAREHOUSE AREA 
The products manufactured in the company mainly serve large-sized 
manufacturing enterprises, providing them with raw materials. There are 
two storage warehouses, large and small, covering an area of 6 thousand 
square meters, and their main functions are storage, information stowage, 
transportation and handling and life service. In the warehouse area there are 
kinds of chemicals, experimental equipment and metal pails with 
unsaturated polyester resin. It is learned from the company staff that all 
products can be played at random without chemical reactions among each 
other. The temperature inside the warehouse can be kept within 30 degrees 
centigrade by the automatic temperature control device; besides, the 
warehouse has sound lighting device and fire extinguishing apparatus. With 
the self-contained fire alarm system, it can give out alarm automatically 
when accident occurs in the warehouse. The width of the warehouse passage 
is only 4.2 meters according to measurement. The sketch map of the 
warehouse is as follows. 
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                                            Figure 5.1: The sketch map of the warehouse 
Due to the special chemical properties of unsaturated polyester resin, it is 
the most convenient and economic method to store them in metal pails 
according to current technological level. Besides, since every pail is as 
heavy as 220kg, stacking storage is the most appropriate method, while 
other products are all packed in boxes. Here we mainly choose equipment 
for these products.   
The company has 11 groups of products and each group has a fixed storage. 
The author will use ABC storage and EIQ analysis to select a best solution 
for each group.  In this part, the author will not go through each product 
type of each group. The author will look at the whole product group as a 
unit because each group has a fixed storage.  
The reasons for the author have chosen the ABC storage is: 
 There is a big difference in the order quantity and order times of 
goods  
 In order to get the maximum profit for the company, it is efficient to 
focus on items that cost most to the business.  
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 Each group has a fixed storage in the company. This method can 
help manage to focus on the A-items and not on the C-items.  
 There are lots of chemical products which should be placed 
separately in different conditions to protect from mutual influence.  
The order quantity and order times of internal storage products in the 
warehouse are shown in the following table. 
Number Product name Order quantity 
(item/month) 
Order times 
(times/month) 
1 Accurate pH test 
paper 
944 44 
2 Dibenzoate 6781 2178 
3 Phthalic 
anhydride 
5237 285 
4 Maleic 
anhydride 
3282 247 
5 Benzoic acid 4120 501 
6 Polyester 3325 337 
7 Zinc 11 3 
8 Sodium chloride 61 71 
9 Funnel 1428 12 
10 Sodium oxalate 1473 353 
11 Sodium nitrate 2447 1031 
                             Table 5.1: The order quantity and order times of internal storage products 
The selection of equipment in warehouse area is only correlated to IQ and 
IK analysis, so analysis of IQ and IK in the EIQ analysis will be discussed 
below. 
1, IQ analysis 
Sort the single items from large to small according to their order quantity 
(IQ), and then percentage of each single item’s order quantity in the total 
order quantity can be calculated as well as the total order amount and total 
percentage. See the following table.  
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Number Product 
name 
IQ Percentage 
(%) 
Total 
order 
amount 
Total 
percentage 
(%) 
2 Dibenzoate 6781 23.2952 6781 23.2952 
3 Phthalic 
anhydride 
5237 17.991 12018 41.2862 
5 Benzoic 
acid 
4120 14.1537 16138 55.4399 
6 Polyester 3325 11.4226 19463 66.8625 
4 Maleic 
anhydride 
3282 11.2749 22745 78.1374 
11 Sodium 
nitrate 
2447 8.4063 25192 86.5437 
10 Sodium 
oxalate 
1473 5.0603 26665 91.604 
9 Funnel 1428 4.9057 28093 96.5097 
1 Accurate 
pH test 
paper 
944 3.243 29037 99.7527 
8 Sodium 
chloride 
61 0.2096 29098 99.9623 
7 Zinc 11 0.0037 29109 100 
 Total 29109 100   
                                                            Table 5.2: IQ analysis 
An IQ distribution chart is obtained by this table:  
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                                                    Figure 5.2: IQ distribution chart 
The product items can be classified into three kinds, ABC by the IQ curve. 
Products of class A have 2 (Dibenzoate), 3 (Phthalic anhydride), 5 (Benzoic 
acid). Products of class B have 6 (Polyester), 4 (Maleic anhydride), 11 
(Sodium nitrate), 10 (Sodium oxalate). The others are products of class C. 
Products of class A account for 27% in the total amount, while the order 
quantity accounts for 55% in the total order amount; products of class B 
account for 36% in the total amount, while order quantity accounts for 36% 
in the total order amount; products of class C account for 37% in the total 
amount, while the order quantity accounts for 9% in the total order amount.  
By comparing the figures and tables above, we can find that products of 
class A require special attention since they have fewer varieties but large 
quantities, which are usually stored on pallets or shelves. Therefore, the 
stereo library can be used with application of automated warehouse, mobile 
pallet rack and push-back rack. Products of class B have medium varieties 
and medium quantities, which adopt workbin automatic stereo warehouse 
and pallet mobile rack. Products of class C have medium varieties but small 
quantities, which can be stored with common rack. 
2. IK analysis 
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Sort the single items from large to small according to their order times (IK) 
and calculate the percentage of each item’s order times in the total order 
times as well as the accumulated order times and accumulated percentage 
with conclusion of results shown in the following table. 
Number Product 
name 
IK Percentage 
(%) 
Total 
order 
times 
Total 
percentag
e 
(%) 
2 Dibenzoate 2178 43.0265 2178 43.0265 
11 Sodium 
nitrate 
1031 20.3674 3209 63.3939 
5 Benzoic 
acid 
501 9.8973 3710 73.2912 
10 Sodium 
oxalate 
353 6.9735 4063 80.2647 
6 Polyester 337 6.6574 4400 86.9222 
3 Phthalic 
anhydride 
285 5.6302 4685 92.5524 
4 Maleic 
anhydride 
247 4.8795 4932 97.4318 
8 Sodium 
chloride 
71 1.4026 5003 98.8345 
1 Accurate pH 
test paper 
44 0.8692 5047 99.7037 
9 Funnel 12 0.2371 5059 99.9407 
7 Zinc 3 0.0593 5062 100 
 Total 5062 100   
                                                         Table 5.3: IK analysis 
An IK distribution chart is obtained by this table:  
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                                                    Figure 5.3: IK distribution chart 
Product items can be classified into three kinds, ABC according to IK curve. 
Products of class A have 2 (Dibenzoate), 11 (Sodium nitrate). Products of 
class B have 5 (Benzoic acid), 10 (Sodium oxalate), 6 (Polyester), 3 
(Phthalic anhydride). The others are products of class C. 
Products of class A account for 18% in the total amount, while order times 
accounts for 63% in the total order times. Products of class B account for 36% 
in the total amount, while order times accounts for 29% in the total order 
times. Products of class C account for 46% in the total amount, while order 
times accounts for 8% in the total order times.  
With comparison of theoretical knowledge, we can conclude that products 
of class A have large turnover, which can be stored with mobile pallet rack 
or pull-back rack. Products of class B can be stored in the pallet rack or in 
the rotating rack since they have a medium turnover. By this way, the labor 
of manual picking can be saved with less number of workers and shorter 
transportation distance. Since manual access operation is widely adopted in 
the company, products of class C can be stored in common rack. 
2 (Dibenzoate) and 5 (Benzoic acid) should be concluded to class A by 
taking analysis result of IQ and IK into consideration again. Therefore, these 
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two kinds should be attached great importance with application of mobile 
pallet rack and automatic picking equipment; and meanwhile, products of 
class A can be put near the outer end when planning space so as to shorten 
walking distance. 6 (Polyester), 10 (Sodium oxalate), 11 (Sodium nitrate), 3 
(Phthalic anhydride), 4 (Maleic anhydride) belong to class B which can be 
stored in rotating rack or the pallet rack so as to reduce labor strength with 
less picking workers and less transportation distance. The rest are products 
of class C, which can be stored in common rack. 
Pallets with European standard are widely employed in the company as 
operational unit, which are adaptable to various kinds of forklifts. By 
measurement, the width of passage in the warehouse area is about 4.2 
meters, which is suitable for the standard of balanced forklift, that is to say, 
current forklifts in the company can satisfy handling and transportation 
business. However, if flow pallet rack is adopted to store products of class A 
with application of automatic picking equipment, then stacker can be used 
as transportation equipment. 
 
                                               Figure 5.4: Pallet 
PART 2: 
5,2 CARGO SAPCE PLANNING 
The company has 11 groups of products and each group has many product 
types. Each group of product has a fixed storage, but each product type of 
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the same group´s position is random.  In this section, the author will go 
through each product type of each group to get the best solution for each 
product type of each group. After this section, a recommendation about 
which product type of which group should be placed in where, is provided. 
Since metal pails used for unsaturated polyester resin are appropriate with 
stacking storage, the cargo planning is mainly addressing the introduced 
rack with ten layers and five rows. In this paper, it mainly plans such kind of 
rack with cargo space planning of the 50 space by employing cargo 
planning model and algorithm mentioned before. This paper first operates 
two target functions separately, carries out selection, crossover and mutation 
operators, and obtains the allocation planning result after 500 generations, 
taking into account only one target. Then operate two target functions 
together, carries out selection, crossover and mutation operators, and obtains 
the allocation planning result after 500 generations.  
The following table shows turnover and weight of goods:  
Number Product 
name 
Product 
model 
Turnover 
(boxes/month) 
Weight 
(kg) 
1 Funnel 71860 134 2.15 
2 Funnel 72860 179 3 
3 Funnel 76860 60 3.5 
4 Funnel 82860 58 4 
5 Funnel 83030 15 3 
6 Funnel 78530 51 4.5 
7 Funnel 79530 52 3.2 
8 Funnel 83150 3 2.9 
9 Funnel 83250 23 3.6 
10 Funnel 87250 13 3.1 
11 Dibenzoate C-SN5 50 38 
12 Dibenzoate V-SN5 66 30 
13 Dibenzoate L-SN5 47 40 
14 Dibenzoate E-SN5 40 29 
15 Dibenzoate E-N5 4 35 
16 Dibenzoate 1-JN5 56 36 
17 Dibenzoate 2-JN5 186 29 
18 Dibenzoate 3-JN5 123 30 
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19 Dibenzoate J-SN5 29 26 
20 Accurate pH 
test paper 
115A 204 11.5 
21 Accurate pH 
test paper 
115C 242 13 
22 Accurate pH 
test paper 
116CG 12 10 
23 Accurate pH 
test paper 
128C 47 12.5 
24 Accurate pH 
test paper 
158B 182 14 
25 Benzoic acid ST1A 70 10.2 
26 Benzoic acid ST3T 10 15 
27 Benzoic acid ST1P 61 25.7 
28 Benzoic acid WT2A 5 27.5 
29 Benzoic acid WT3 5 28.5 
30 Benzoic acid WT2B 6 26.5 
31 Sodium 
oxalate 
SL-40B 23 3.5 
32 Sodium 
oxalate 
BA-40B 32 3 
33 Sodium 
oxalate 
BI-35I 6 4 
34 Sodium 
oxalate 
GR-12A 47 2 
35 Phthalic 
anhydride 
2015 3 7 
36 Phthalic 
anhydride 
2012 8 8 
37 Phthalic 
anhydride 
2017 15 7.8 
38 Maleic 
anhydride 
161A 1 2 
39 Maleic 
anhydride 
302D 9 2.5 
40 Maleic 
anhydride 
305Z 46 2.6 
41 Polyester T19-51 70 30 
42 Polyester T19-50 13 28 
43 Polyester T21-50 4 29 
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44 Polyester T21-51 21 25 
45 Polyester T21-45 114 26 
46 Sodium 
nitrate 
R2-202 37 2.5 
47 Sodium 
nitrate 
R2-206 25 3 
48 Sodium 
nitrate 
R2-226 97 2.1 
49 Sodium 
nitrate 
R2-228 79 2.4 
50 Sodium 
nitrate 
R2-238 28 2.9 
Table 5.4: Goods turnover and weight. 
1. Consider two target functions separately, that is, only take into account 
the smallest sum of goods carrying distance or the lowest shelf focus.  
(1) Consider only the first target function F1  
Set crossover probability pc = 0.8, mutation probability pm = 0.05, genetic 
generation MAXGEN = 500. Apply MATLAB genetic generation iterating 
500 generations to obtain the optimal solution for the first target function 
and the performance of population mean modification as Figure: 
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Figure 5.5: The optimal solution for the first target function after 500 generations  
The minimum value of the first target function minF1=1.1776×10
4
. The first 
function is to place goods with high turnover at location easily taken, 
minimize the total carrying distance of goods, thus to improve the operating 
efficiency of logistics center and thereby reduce its cost. As can be seen 
from the figure, with the increase of genetic generation, the optimal solution 
and population mean have shown a decreasing trend, the optimal solution 
from the original 1.4825×10
4
 to 1.1776 × 10
4
 of a 20.6% decrease, 
indicating a significant optimizing effect of this approach. 
(2) Consider only the second target function F2  
Set crossover probability pc = 0.8, mutation probability pm = 0.05, genetic 
generation MAXGEN = 500. Apply MATLAB genetic generation iterating 
500 generations to obtain the optimal solution for the second target function 
and the performance of population mean modification as Figure: 
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Figure 5.6: The optimal solution for the second target function after 500 generations  
The minimum value of the second target function minF2=2.5778×10
3
. The 
second target function is to meet shelf stability, that is, place goods with 
larger weight on the lower layer and lighter upper layer, thus to make the 
total focus of goods the lowest. 
As the figure shows, with the increase of genetic generation, the optimal 
solution and population mean have shown a decreasing trend, the optimal 
solution from the original 3.3239×10
3
 to minF2=2.5778×10
3
 of a 22.4% 
decrease, indicating a significant optimizing effect of this approach. 
2. Consider two target functions 
When taking into account two target functions, since the optical solution 
under the separate one function has been achieved, the following methods 
can be used to solve multi-target optimization. Since the carrying distance 
of goods is more important than goods focus in allocation planning, set the 
second target function as the constraint condition for the first function to 
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solve. As the optimal solution considering the second function has been 
obtained, minF2=2.5778×10
3
, a slack variable is needed here. This paper 
solves the first target function with the optimal solution of the second 
reaching 80%, set slack variable as 1.25. 
Set crossover probability pc = 0.8, mutation probability pm= 0.05, genetic 
generation MAXGEN = 500. Apply MATLAB genetic generation iterating 
500 generations to obtain the performance of the two target functions as 
Figure: 
 
Figure 5.7: The performance of the two target functions 
With the increase of genetic generation, the optimal solution and population 
mean have shown a decreasing trend, the optimal solution from the original 
1.5423×10
4
 to 0.3730×10
4
 of a 75.8% decrease, indicating a significant 
optimizing effect of this approach. 
The targets in multi-target optimization problem cannot get the optimal 
solution simultaneously, the realization of one’s optimizing is at the other’ 
expense. This paper combines parallel selection, gender crossover and 
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constraint method to obtain the optimal solution minF=0.3730×10
4
. The 
solution is smaller than minF1=1.1776×10
4
, the optimal solution considering 
only the first function previously, for the consideration of the constraint of 
the second function. Since the two functions cannot take the minimum value 
at the same time, the solution applying genetic algorithm for multi-target 
optimization is a suboptimal solution, achieving a better overall 
optimization result. 
Apply MATLAB genetic algorithm to get the optimal solution of allocation 
planning of the storage area 0.3730×10
4
, as well as the x and z coordinates 
of the corresponding shelf for the 50 goods.  
4 2 2 1 5 4 3 1 2 3 
1 5 5 3 3 2 4 5 1 5 
1 3 1 2 3 4 5 3 4 4 
4 4 4 2 4 3 3 2 1 1 
5 5 5 1 2 1 3 2 2 5 
Table 5.5: x coordinates 
6 9 4 3 5 3 7 6 10 2 
8 7 2 10 9 2 8 8 10 1 
5 8 2 6 3 5 9 5 2 1 
7 9 10 3 4 4 1 8 7 9 
10 6 3 1 1 4 6 5 7 4 
Table 5.6: z coordinates 
Because the goods code remain unchanged, 1g, 2g, 3g,. . . , 50g, place goods 
on the corresponding BIN on the shelf according to the obtained x (shelf 
column) and z (shelf layer). For example, goods coded 1g has its 
corresponding x coordinate of 4 and z coordinates of 6, then the goods 
should be placed on layer 6 and Column 4 on shelf. Other goods with 
different coding operate in the same way; then the final result of allocation 
planning is realized. The following table shows the result. 
10 19g 9g 14g 33g 41g 
9 40g 2g 15g 32g 27g 
8 11g 38g 22g 17g 18g 
7 39g 49g 7g 31g 12g 
6 8g 24g 47g 1g 42g 
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5 21g 48g 28g 26g 5g 
4 46g 3g 36g 35g 50g 
3 4g 34g 25g 6g 43g 
2 23g 16g 10g 29g 13g 
1 44g 45g 37g 30g 20g 
Layer         
Column 
1 2 3 4 5 
Table 5.7: The final result of allocation planning 
There are two warehouses in the factory at present. One can be used to store 
metal pails with unsaturated polyester resin particularly. Besides, because of 
the special properties of unsaturated polyester resin, only stacking storage 
can be adopted, but they can be divided in details with extra explanations 
according to different batches and different outputs. As for the 
transportation equipment, current Counter-balance forklift can be used 
continuously. The other warehouse can be planned with schemes proposed 
before so as to store other products specially. 
Now, since the company is still under an initial stage of development with 
cheap labor cost, manual operation is still dominant. Therefore, current 
equipment in the warehouse can still satisfy company’s demand. However, 
with constant expansion of company’s business and increasingly diversified 
products, current equipment may not satisfy company’s need any more. 
Thus, suggestions above are proposed for company’s reference. Due to 
limited time and content, whether investment on these equipment will be 
beyond company’s budget or not has not been analyzed, which can be 
further studied as afterward research direction. 
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6. RESULT AND FURTHUR RESEARCH 
This chapter aims to present the results and conclusions the author has 
reached through the analysis. The chapter presents the main contents and the 
novelties of this paper. The end of the chapter presents suggestion of future 
research of storage area.  
6.1 RESULT 
Subject to the development of society and the refinement of social divisions, 
the logistics operation is more and more important. The domestic and 
foreign experts and scholars have begun to study the design of logistics 
operation when it comes into being, and have achieved a lot. The most 
important function in the logistics operation is the storage function which is 
realized in the storage area. There are only few studies on the planning and 
design of storage area, so the exploratory research is conducted in this paper. 
The main contents of this paper are as follows: 
1. Analyze the planning and design theories of the storage area, and 
introduce the classical data processing method (EIQ analysis approach). 
2. Planning methods of storage area in the logistics center 
The principles and influence factors on the selection of storage devices and 
handling equipment are introduced first, and it is proposed to use IQ curve 
to select the machinery. 
3. Planning methods of slots of storage area in the logistics center 
It firstly introduces the encoding methods of slots and the numbering 
methods of cargos, and then the principles of slot planning is put forward on 
which the model is built for the slot planning. The existing multi-objective 
optimization methods are compared through the detailed analysis of slot 
planning, and finally the parallel selection method, the multi-gender 
evolution method and the constraint method in the genetic algorithm, which 
is realized by MATLAB7.0, are combined for the solution. 
4. Empirical study 
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Taking the storage area in the company as an example, the methods and 
procedures in this paper are applied in the planning and design of the 
storage area, and the results are analyzed to verify the practicality of the 
algorithm. 
The novelties of this paper are mainly reflected in the following aspects: 
1. It is proposed to use the IQ and IK in EIQ analysis to select the storage 
equipment and the handling equipment in the storage area. 
2. The multi-objective model of slot planning is established by considering 
the total carrying distance of goods and their total center of gravity. Finally, 
the parallel selection method, the multi-gender evolution method and the 
constraint method in the genetic algorithm are combined for the solution. 
3. The slot planning procedures are prepared by MATLAB7.0. The natural 
number encoding method is used for the encoding of slots, and the final slot 
planning schedule is obtained after the evolution of 500 generations by 
using the irregular crossover and mutation methods. 
6.2 FUTURE RESEARCH  
The most important function in the logistics operation is the storage function 
which is realized in the storage area. The rational planning of the storage 
area can improve the operation efficiency and reduce the cost. More and 
more attentions are paid to the planning of storage area, but there are still a 
lot of works to be studied. In this paper, only several questions to be studied 
in the future are put forward: 
1. Only some principles are introduced in the selection of devices in the 
storage area, and the EIQ analysis is used to select the devices roughly. The 
device selection model may be established latter, and the simulation method 
may be used for solution. 
2. There are a lot of principles for slot planning, and some are difficult to be 
quantized. The fuzzy theory may be incorporated into the genetic algorithm 
for the study of slot planning. 
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3. Various Europe logistics management companies have proposed the 
Slotting Optimization System software of which the application rate is still 
quite small in China, account shall be taken into for the promotion and 
application of slot planning software in the future. 
4. Apart from the redesign of the storage area, increase some training and 
examination of personnel´s performance can also increase the goods flow´s 
efficiency and staff´s professionalism. This part would be interesting for the 
future research.  
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APPENDIX 1.  STORAGE OPTIONS 
Block stacking 
This method is the most common one with storing large quantities of single 
SKU products. This method uses most where the warehouse is low, products 
and packaging are robust and budgets are limit. Block stacking means the 
goods are packed in unit loads and stacked on the floor to their maximum 
safe height which is decided by stack´s weight and stability. This method is 
also used when pallet racking is not worked. Since many products can store 
in each SKU, it is a cheap way to store robust products. Examples of 
products stored in this way are washing machines, refrigerators, kegs, 
barrels, cans and bottles (Gwynne Richards, 2011).  
Disadvantages with this method are: 
 This method needs enough space for forklift trucks to access each 
stack. In order to get access to the bottom pallet, staffs need to move 
the pallet above first.  
 The bottom item can easily be damaged by the weight of the items 
above, special with white goods 
 Items can only be transported on a LIFO (last in, first out) principle 
 Space utilization is poor if stock cannot move quickly through the 
warehouse. This method can easily lead to honeycombing. Cubic 
utilization is also poor when the height of the warehouse is much 
higher than the stack.  
Figure 3.3 is an example of block stacking and it shows the disadvantages 
med this method. Staff cannot put anything in front of the stack before all 
the cartons have been removed.  
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                                       Figure 3.3: Example of block stacking (Gwynne Richards, 2011). 
Racked storage  
The terms adjustable pallet racking (APR) and wide aisle racking (WAR) 
are seen as interchangeable. But APR can use in narrow aisle construction. 
Author will discuss the advantages and disadvantages about different types 
of racking which used in nowadays (Gwynne Richards, 2011).  
Wide aisle pallet racking 
This kind of racking is the most popular racked storage in the warehouses. 
Since the beam heights can be configured to any height as required, this 
racking has become the most versatile of any racking and this doesn´t need 
any specialized handling equipment. This racking can be configured to take 
pallets both long side and short side configuration (Gwynne Richards, 2011).  
Advantages of this racking are: 
 Every pallet is accessible at any time and the racking is easy to 
install and move 
 Access is more quickly and easily  
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Disadvantage of this racking is the width of wider aisles is required to have 
enough space to allow the forklift trucks sufficient turning circle. Counter-
balance trucks need most amount of aisle width compared with reach trucks 
or articulated forklift.  
Double-deep racking 
Pallets can be stored two deep in this racking. The pallets can be accessed 
from the same aisle. Disadvantages of this racking are specialist equipment 
like extendable forks needs and slightly wider aisles required as well. Speed 
of access is slow (Gwynne Richards, 2011).  
This kind of racking is a highly space-efficient storage system because by 
reducing the number of access aisles and using the space saved, an 
additional racking can be placed.  
 
                              Figure 3.4: Double-deep racking (Gwynne Richards, 2011). 
Narrow aisle racking  
This type of racking uses APR and the aisle width has been reduced to circa 
1.6 metres to get space to more pallets.  The racking requires narrow aisle or 
turret trucks to deposit and access pallets. These trucks can access pallets 
from the both sides of the aisle (Gwynne Richards, 2011).  
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These methods to manoeuvre the trucks within the aisles are wire-guided 
systems and guide rails. This type of racking requires a very flat floor and in 
the most of time, companies will use lasers to make sure the floor´s flatness.  
Disadvantage of this type of racking is to restrict the speeds of a forklift 
when it travels between picking locations. With using of articulated trucks, 
the similar aisle widths can be achieved without using of wire-guided 
systems, guided rails or a flat floor.  
 
                          Figure 3.5: Narrow aisle racking (Gwynne Richards, 2011). 
Drive-in/drive-through racking 
Drive-in racking is suitable for block stacking when loads are too fragile or 
unstable to stack on the top of each other. Each longitudinal beam supports 
the pallet and load on conventional racking and each upright of drive-
through racking has an L-shaped rail. One thing need to mention is the 
pallets have to be stronger than normal racking to support the weight of the 
load where between the rails (Gwynne Richards, 2011).  
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Advantage of this type of racking is utilization of floor space is very high 
and access to the pallets can get from the other end of the racking.  
Disadvantages are this not allowed for first in, first out (FIFO) and it might 
give honeycomb effect. Product and racking damage can also be increased. 
Speed of put-away and pick products is low.  
 
                                          Figure 3.6: Drive-in racking (Gwynne Richards, 2011). 
Pallet flow/live storage  
This type of storage is driven by gravity and it suitable for fast-moving 
product with FIFO stock rotation. When a pallet is picked, other pallets 
which placed at the upper end of sloping can move down by gravity by 
using a heavy-duty skate wheels. There are only two aisles which required 
by each block of roller conveyor: a loading face and a picking face. It can 
reduce cycle times and increase occupancy rates. Disadvantages are cubic 
utilization can be reduced and based on the weight of the pallet; different 
products might need different angle of incline (Gwynne Richards, 2011).  
  Page 
104 
 
  
 
                                 Figure 3.7: Pallet-flow racking (Gwynne Richards, 2011). 
Push-back racking 
The principle of this type of racking is the pallet which loaded in the front, 
pushes the pallet which loaded behind back one position. It means, when 
unloading, after the front pallet has been removed, the rear pallets will come 
to the front picking position automatically (Gwynne Richards, 2011).  
This type of racking can offer more versatile storage than drive-in rack and 
with picking process, it will not disturb other products which loaded above 
or below in a single-lane or double-lane format.  
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                                     Figure 3.8: Push-back racking (Gwynne Richards, 2011). 
Mobile racking  
This type of racking is suitable for the warehouse which has little floor 
space. Only one access aisle is required. Operator can remove the units (by 
power, by hand wheel or by pushing) to create access to other products 
(Gwynne Richards, 2011).  
 
                            Figure 3.9: Moblie racking (Gwynne Richards, 2011). 
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APPENDIX 2.  HORIZONTAL MOVEMENT  
Hand pallet trucks 
A hand pallet trucks uses a hydraulic pump to lift a pallet and move it across 
the warehouse floor. It is used usually when people want to move pallets 
across short distances. Hand pallet trucks can also be used to move pallets 
within the racking or on the back of a trailer (Gwynne Richards, 2011).   
Powered pallet trucks 
A powered pallet trucks uses battery to loading, unloading, picking and 
pallet-transfer in the receiving and dispatch areas. There are three versions: 
pedestrian, stand-on and seated. Based on pallet throughput per hour and 
distances travelled within the warehouse, a decision of truck will be made 
(Gwynne Richards, 2011).  
Tow tractors/tugs 
Tow tractors/tugs used usually when people want to move pallets across 
long distances and there is a requirement to move a number of pallets at the 
same time (Gwynne Richards, 2011).  
Automated guided vehicles 
Automated guided vehicles is used usually in the companies with a shortage 
of skilled labor, high labor costs and 24/7 operational requirements. There 
are three types of AGV: wire guided, magnetic and gyroscopic.    
The working principle is when a pallet is full, it will automatically travel to 
the transfer point where is located at the end of the aisle.  At the same time, 
another AGV is going to bring a new, empty pallet from the store, which 
means picking will not be interrupted. Automatic guided vehicles will carry 
the full pallets to a stretch wrapper where they will wrap in foil and will be 
ready for dispatch. All the essential dispatch information will be sent to an 
integrated printer, which then that information will be printed and attached 
to the finished pallet (Gwynne Richards, 2011).  
The advantages of automated guided vehicles are: 
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 Computer or hand controlled 
 More durable than people 
 Long distance traffic 
 Fitted with security sensors and guards 
 Limited potential for damage 
 Reliable 
 Do not cause bottlenecks 
 
The disadvantages of automated guided vehicles are:  
 Expensive 
 Fully reliant on the RF system 
 Require a specially designed floor area 
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APPENDIX 3.  VERTICAL AND HORIZONTAL MOVEMENT  
Pallet stacker 
These trucks are used to move pallets around the warehouse up to 5 meters. 
There are three versions: pedestrian, ride-on, stand-in or seated (Gwynne 
Richards, 2011).  
 
Figure 3.11: Pallet stacker (Gwynne Richards, 2011). 
Counter-balance forklift trucks (CBT) 
They can be powered by diesel, battery, LPG or CNG and they can be used 
both inside and outside the warehouse. Because CBTs are fast, flexible and 
versatile, they have become the most common trucks in a warehouse. The 
most disadvantages are they must approach the face of the pallet at 90
o
 
square when they try to stack or retrieve a pallet. In another word, the 
turning circle of the truck determines the minimum aisle width.  
CBTs can move pallets up to 7 meters and require aisle width of 3 meters or 
more. One way to increase utilization ratio of the available floor space and 
reduce aisle widths is utilizing different types of trucks (Gwynne Richards, 
2011).  
Reach trucks 
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They can work in aisle width of around 2.7 meters and that´s why they are 
ideal for working inside warehouse with narrower aisles. The maximum lift 
height of them is 12 meters. They can operate both in single and double-
deep racking warehouses (Gwynne Richards, 2011).  
Man-up order pickers 
These trucks are utilized where there are lots of products need to pick from 
height due to the room limitation. Operators are equipped with a harness and 
pick cartons from shelving within the racking. The advantages with these 
trucks are this can be a very slow process. It is a good option when there are 
thousands of SKUs and there isn´t any automation (Gwynne Richards, 
2011).   
Automated storage and retrieval systems (AS/RS) 
The principle of this system is to collect pallets at the front of the racking 
system by fixed path cranes and then transport them to empty position 
within the racking. System has high productivity because the system collects 
and deposits a full pallet from the racking at the front of aisle before they 
collect another pallet. This made the system is very efficient because crane 
can travel horizontally and vertically simultaneously (Gwynne Richards, 
2011).  
The cranes will normally remain in one aisle but sometimes it can be 
transferred from one to another to increase production capacity. The racking 
can be one deep or two.  
Specialized equipment 
Standard pallet forks cannot move or pick up all sorts loads. Sometimes they 
need specialized handling equipment to operate products within a 
warehouse. But due to the time limitation, author cannot introduce all of 
them.   
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APPENDIX 4.  MATLAB code: consider two target functions 
separately 
NIND=200; % Population size  
rr=NIND/2; 
MAXGEN=500; % Maximum genetic generation  
GGAP=1; % Gap 
cc=5; % Number of rows 
gg=10; % Number of layers 
zz=cc*gg; % Total cargo space 
pc=0.80; % Crossover probability 
pm=0.05; % Mutation probability 
T=[134 179 60 58 15 51 52 3 23 13 50 66 47 40 4 56 186 123 29 204 242 
12 47 182 70 10 61 5 5 6 23 32 6 47 3 8 15 1 9 46 70 13 4 21 114 37 25 97 
79 28]; 
T1=T'; % Turnover of goods 
M=[2.15 3 3.5 4 3 4.5 3.2 2.9 3.6 3.1 38 30 40 29 35 36 29 30 26 11.5 13 10 
12.5 14 10.2 15 25.7 27.5 28.5 26.5 3.5 3 4 2 7 8 7.8 2 2.5 2.6 30 28 29 25 
26 2.5 3 2.1 2.4 2.9];% Goods weight 
trace1=[];trace2=[];trace3=[]; 
  
farm1=zeros(rr,zz); 
farm2=zeros(rr,zz); 
for i=1:rr 
farm1(i,:)=randperm(zz); 
farm2(i,:)=randperm(zz); 
end 
% Initial population generating 
  
gen=1; 
while gen<MAXGEN 
 mina=20000; 
A=zeros(1,rr); 
B=zeros(1,rr); 
k=zeros(rr,zz); 
o=zeros(rr,zz); 
l=zeros(1,zz); 
for i=1:rr 
   for j=1:zz  
       if farm1(i,j)<=cc 
           z(j)=1;x(j)=farm1(i,j); 
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       else if farm1(i,j)>cc&farm1(i,j)<=cc*2 
               z(j)=2;x(j)=farm1(i,j)-cc; 
           else if farm1(i,j)>cc*2&farm1(i,j)<=cc*3 
                   z(j)=3;x(j)=farm1(i,j)-cc*2; 
               else if farm1(i,j)>cc*3&farm1(i,j)<=cc*4 
                       z(j)=4;x(j)=farm1(i,j)-cc*3; 
                   else if farm1(i,j)>cc*4&farm1(i,j)<=cc*5 
                           z(j)=5;x(j)=farm1(i,j)-cc*4; 
                       else if farm1(i,j)>cc*5&farm1(i,j)<=cc*6 
                               z(j)=6;x(j)=farm1(i,j)-cc*5; 
                           else if farm1(i,j)>cc*6&farm1(i,j)<=cc*7 
                                   z(j)=7;x(j)=farm1(i,j)-cc*6; 
                               else if farm1(i,j)>cc*7&farm1(i,j)<=cc*8 
                                       z(j)=8;x(j)=farm1(i,j)-cc*7; 
                                   else if farm1(i,j)>cc*8&farm1(i,j)<=cc*9 
                                           z(j)=9;x(j)=farm1(i,j)-cc*8; 
                                       else 
                                           z(j)=10;x(j)=farm1(i,j)-cc*9; 
                                       end 
                                   end 
                               end 
                           end 
                       end 
                   end 
               end 
           end 
       end 
   end 
p=[1.5/4 1]; 
q=[x;z]; 
hh=p*q; 
A(i)=hh*T1; 
k(i,:)=x; 
o(i,:)=z; 
if A(i)<mina 
    mina=A(i); 
    l=farm1(i,:); 
end 
end 
% Calculate fitness for the first target function in the initial population 
  
  Page 
113 
 
  
fitnA=ranking(A'); 
selchA=select('sus',farm1,fitnA,GGAP); 
% Selection 
  
B=zeros(1,rr); 
u=zeros(rr,zz); 
v=zeros(1,zz); 
minb=4000; 
for i=1:rr 
    for j=1:zz 
        if farm2(i,j)<=cc 
            z(j)=1;x(j)=farm2(i,j); 
        else if farm2(i,j)>cc&farm2(i,j)<=cc*2 
                z(j)=2;x(j)=farm2(i,j)-cc; 
            else if farm2(i,j)>cc*2&farm2(i,j)<=cc*3 
                    z(j)=3;x(j)=farm2(i,j)-cc*2; 
                else if farm2(i,j)>cc*3&farm2(i,j)<=cc*4  
                        z(j)=4;x(j)=farm2(i,j)-cc*3; 
                    else if farm2(i,j)>cc*4&farm2(i,j)<=cc*5 
                            z(j)=5;x(j)=farm2(i,j)-cc*4; 
                        else if farm2(i,j)>cc*5&farm2(i,j)<=cc*6 
                                z(j)=6;x(j)=farm2(i,j)-cc*5; 
                            else if farm2(i,j)>cc*6&farm2(i,j)<=cc*7 
                                    z(j)=7;x(j)=farm2(i,j)-cc*6; 
                                else if farm2(i,j)>cc*7&farm2(i,j)<=cc*8  
                                        z(j)=8;x(j)=farm2(i,j)-cc*7; 
                                    else if farm2(i,j)>cc*8&farm2(i,j)<=cc*9 
                                            z(j)=9;x(j)=farm2(i,j)-cc*8; 
                                        else 
                                            z(j)=10;x(j)=farm2(i,j)-cc*9; 
                                        end 
                                    end 
                                end 
                            end 
                        end 
                    end 
                end 
            end 
        end 
    end 
M1=M'; 
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B(i)=z*M1; 
u(i,:)=z; 
if B(i)<minb 
minb=B(i); 
v=farm2(i,:); 
end 
end 
% Calculate fitness for the second target function in the initial population 
  
fitnB=ranking(B'); 
selchB=select('sus',farm2,fitnB,GGAP); 
% Selection 
  
a=zeros(rr,zz); 
b=zeros(rr,zz); 
a1=zeros(rr,zz); 
b1=zeros(rr,zz); 
for i=1:rr 
a(i,:)=selchA(i,:); 
b(i,:)=selchB(i,:); 
b1(i,:)=selchB(i,:); 
a1(i,:)=selchA(i,:); 
end 
h=1; 
while h<rr+1 
    if rand<pc 
        n=unidrnd(zz-1,1,1); 
        for i=1:n 
            for j=1:zz 
                a(h,i)=a(h,i); 
                if a(h,i)==b1(h,j) 
                    b1(h,j)=0; 
                end 
            end 
        end 
        j=n+1; 
        if j<=zz 
            for i=1:zz 
                if b1(h,i)~=0 
                    a(h,j)=b1(h,i); 
                    j=j+1; 
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                end 
            end 
        end 
        for i=1:n 
            for  j=1:zz 
                b(h,i)=b(h,i); 
                if b(h,i)==a1(h,j) 
                    a1(h,j)=0; 
                    a1(h,j); 
                end 
            end 
        end 
        j=n+1; 
        if j<=zz 
            for i=1:zz 
                if a1(h,i)~=0 
                    b(h,j)=a1(h,i); 
                    j=j+1; 
                end 
            end 
        end 
    end 
% Crossover operation  
  
if rand<pm 
t=unidrnd(zz,1,2); 
c=a(h,t(1)); 
a(h,t(1))=a(h,t(2)); 
a(h,t(2))=c; 
t=unidrnd(zz,1,2); 
d=b(h,t(1)); 
b(h,t(1))=b(h,t(2)); 
b(h,t(2))=d; 
a; 
b; 
end 
h=h+1; 
% Mutation operation 
end 
  
A1=zeros(1,rr); 
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B1=zeros(1,rr); 
for i=1:rr 
    for j=1:zz 
        if a(i,j)<=cc 
            z(j)=1;x(j)=a(i,j); 
        else if a(i,j)>cc&a(i,j)<=cc*2 
                z(j)=2;x(j)=a(i,j)-cc; 
            else if a(i,j)>cc*2&a(i,j)<=cc*3 
                    z(j)=3;x(j)=a(i,j)-cc*2; 
                else if a(i,j)>cc*3&a(i,j)<=cc*4 
                        z(j)=4;x(j)=a(i,j)-cc*3; 
                    else if a(i,j)>cc*4&a(i,j)<=cc*5 
                            z(j)=5;x(j)=a(i,j)-cc*4; 
                        else if a(i,j)>cc*5&a(i,j)<=cc*6 
                                z(j)=6;x(j)=a(i,j)-cc*5; 
                            else if a(i,j)>cc*6&a(i,j)<=cc*7 
                                    z(j)=7;x(j)=a(i,j)-cc*6; 
                                else if a(i,j)>cc*7&a(i,j)<=cc*8 
                                        z(j)=8;x(j)=a(i,j)-cc*7; 
                                    else if a(i,j)>cc*8&a(i,j)<=cc*9 
                                            z(j)=9;x(j)=a(i,j)-cc*8; 
                                        else 
                                            z(j)=10;x(j)=a(i,j)-cc*9; 
                                        end 
                                    end 
                                end 
                            end 
                        end 
                    end 
                end 
            end 
        end 
    end 
p=[1.5/4 1]; 
q=[x;z]; 
hh=p*q; 
A1(i)=hh*T1; 
end 
% Calculate fitness for the first target function in the offspring 
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B1=zeros(1,rr); 
q=zeros(rr,zz); 
for i=1:rr 
    for j=1:zz 
        if a(i,j)<=cc 
            z(j)=1;x(j)=a(i,j); 
        else if a(i,j)>cc&a(i,j)<=cc*2 
                z(j)=2;x(j)=a(i,j)-cc; 
            else if a(i,j)>cc*2&a(i,j)<=cc*3 
                    z(j)=3;x(j)=a(i,j)-cc*2; 
                else if a(i,j)>cc*3&a(i,j)<=cc*4 
                        z(j)=4;x(j)=a(i,j)-cc*3; 
                    else if a(i,j)>cc*4&a(i,j)<=cc*5 
                            z(j)=5;x(j)=a(i,j)-cc*4; 
                        else if a(i,j)>cc*5&a(i,j)<=cc*6 
                                z(j)=6;x(j)=a(i,j)-cc*5; 
                            else if a(i,j)>cc*6&a(i,j)<=cc*7 
                                    z(j)=7;x(j)=a(i,j)-cc*6; 
                                else if a(i,j)>cc*7&a(i,j)<=cc*8 
                                        z(j)=8;x(j)=a(i,j)-cc*7; 
                                    else if a(i,j)>cc*8&a(i,j)<=cc*9 
                                            z(j)=9;x(j)=a(i,j)-cc*8; 
                                        else 
                                            z(j)=10;x(j)=a(i,j)-cc*9; 
                                        end 
                                    end 
                                end 
                            end 
                        end 
                    end 
                end 
            end 
        end 
    end 
B1(i)=z*M'; 
end 
% Calculate fitness for the second target function in the offspring 
  
  
a=reins(a,l,1,1,A1'); 
b=reins(b,v,1,1,B1'); 
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for i=1:rr 
farm1(i,:)=a(i,:); 
farm2(i,:)=b(i,:); 
end 
% Optimal selection strategy 
  
trace1(gen,1)=min(A); 
trace1(gen,2)=mean(A); 
trace2(gen,1)=min(B); 
trace2(gen,2)=mean(B); 
trace3(gen,1)=min(A)+0.8*min(B); 
trace3(gen,2)=mean(A)+0.8*mean(B); 
% Performance tracking 
  
gen=gen+1; 
end 
  
figure(1);clf; 
plot(trace1(:,1));hold on;plot(trace1(:,2),'-.'); 
legend('Changes in value','Changes in population mean') 
xlabel('Genetic generation');ylabel('The value of the first target function') 
figure(2);clf; 
plot(trace2(:,1));hold on;plot(trace2(:,2),'-.'); 
legend('Changes in value','Changes in population mean') 
xlabel('Genetic generation');ylabel('The value of the second target function') 
% Image output 
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APPENDIX 5. MATLAB code: consider two target functions 
NIND=200; % Population size  
rr=NIND/2; 
MAXGEN=500; % Maximum genetic generation  
GGAP=1; % Gap 
cc=5; % Number of rows 
gg=10; % Number of layers 
zz=cc*gg; % Total cargo space 
pc=0.80; % Crossover probability 
pm=0.05; % Mutation probability 
minb=2578;% The optimal solution considering the second function 
T=[134 179 60 58 15 51 52 3 23 13 50 66 47 40 4 56 186 123 29 204 242 
12 47 182 70 10 61 5 5 6 23 32 6 47 3 8 15 1 9 46 70 13 4 21 114 37 25 97 
79 28]; 
T1=T'; % Turnover of goods 
M=[2.15 3 3.5 4 3 4.5 3.2 2.9 3.6 3.1 38 30 40 29 35 36 29 30 26 11.5 13 10 
12.5 14 10.2 15 25.7 27.5 28.5 26.5 3.5 3 4 2 7 8 7.8 2 2.5 2.6 30 28 29 25 
26 2.5 3 2.1 2.4 2.9];% Goods weight 
trace1=[];trace2=[];trace3=[]; 
  
farm=zeros(rr,zz); 
  
for i=1:rr 
    farm(i,:)=randperm(zz); 
end 
% Initial population generating 
  
gen=1; 
while gen<MAXGEN 
 mina=20000; 
A=zeros(1,rr); 
A1=zeros(1,rr); 
B=zeros(1,rr); 
k=zeros(rr,zz); 
o=zeros(rr,zz); 
l=zeros(1,zz); 
  
  
for i=1:rr 
    for j=1:zz 
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        if farm(i,j)<=cc 
            z(j)=1;x(j)=farm(i,j); 
        else if farm(i,j)>cc&farm(i,j)<=cc*2 
                z(j)=2;x(j)=farm(i,j)-cc; 
            else if farm(i,j)>cc*2&farm(i,j)<=cc*3 
                    z(j)=3;x(j)=farm(i,j)-cc*2; 
                else if farm(i,j)>cc*3&farm(i,j)<=cc*4 
                        z(j)=4;x(j)=farm(i,j)-cc*3; 
                    else if farm(i,j)>cc*4&farm(i,j)<=cc*5 
                            z(j)=5;x(j)=farm(i,j)-cc*4; 
                        else if farm(i,j)>cc*5&farm(i,j)<=cc*6 
                                z(j)=6;x(j)=farm(i,j)-cc*5; 
                            else if farm(i,j)>cc*6&farm(i,j)<=cc*7 
                                    z(j)=7;x(j)=farm(i,j)-cc*6; 
                                else if farm(i,j)>cc*7&farm(i,j)<=cc*8 
                                        z(j)=8;x(j)=farm(i,j)-cc*7; 
                                    else if farm(i,j)>cc*8&farm(i,j)<=cc*9 
                                            z(j)=9;x(j)=farm(i,j)-cc*8; 
                                        else  
                                            z(j)=10;x(j)=farm(i,j)-cc*9; 
                                        end 
                                    end 
                                end 
                            end 
                        end 
                    end 
                end 
            end 
        end 
    end   
p2=[1.5/4 1]; 
q=[x;z]; 
hh=p2*q; 
A(i)=hh*T1; 
M1=M'; 
B(i)=z*M1; 
k(i,:)=x; 
o(i,:)=z; 
if A(i)<mina 
    mina=A(i); 
    l=farm(i,:); 
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    x1=k(i,:); 
    z1=o(i,:); 
end 
end 
% Calculate fitness for the target function in the initial population 
  
A1=A'; 
sum=0; 
for i=1:rr 
    sum=sum+A1(i,1); 
end 
for i=1:rr 
    p(i)=A1(i,1)/sum; 
end 
  
for i=1:rr 
    if B(i)<1.25*minb 
        p(i)=p(i)+0.015; 
    else 
        p(i)=p(i); 
    end 
end 
sum1=0; 
for i=1:rr 
    sum1=sum1+p(i); 
end 
for i=1:rr 
    p1(i)=p(i)/sum1; 
end 
pp=cumsum(p1); 
  
for i=1:rr 
    t=rand; 
    if t<=pp(1) 
        farm1(i,:)=farm(i,:); 
    else 
        for j=2:rr 
            if(t>pp(j-1))&&(t<=pp(j)) 
                farm1(i,:)=farm(j,:); 
            end 
        end 
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    end 
end 
  
  
farm1; 
% Selection 
  
a=zeros(rr/2,zz); 
b=zeros(rr/2,zz); 
a1=zeros(rr/2,zz); 
b1=zeros(rr/2,zz); 
for i=1:rr/2 
    a(i,:)=farm1(i,:); 
    b(i,:)=farm1(i+rr/2,:); 
    a1(i,:)=farm1(i,:); 
    b1(i,:)=farm1(i+rr/2,:); 
end 
h=1; 
while h<rr/2+1 
    if rand<pc 
        n=unidrnd(zz-1,1,1); 
        for i=1:n 
            for j=1:zz 
                a(h,i)=a(h,i); 
                if a(h,i)==b1(h,j) 
                    b1(h,j)=0; 
                end 
            end 
        end 
        j=n+1; 
        if j<=zz 
            for i=1:zz 
                if b1(h,i)~=0  
                    a(h,j)=b1(h,i); 
                    j=j+1; 
                end 
            end 
        end 
        for i=1:n 
            for j=1:zz 
                b(h,i)=b(h,i); 
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                if b(h,i)==a1(h,j) 
                    a1(h,j)=0; 
                    a1(h,j); 
                end 
            end 
        end 
        j=n+1; 
        if j<=zz 
            for i=1:zz 
                if a1(h,i)~=0 
                    b(h,j)=a1(h,i); 
                    j=j+1; 
                    end 
                end 
            end 
        end 
    
    % Crossover operation  
     
    if rand<pm 
        t=unidrnd(zz,1,2); 
        c=a(h,t(1)); 
        a(h,t(1))=a(h,t(2)); 
        a(h,t(2))=c; 
        t=unidrnd(zz,1,2); 
        d=b(h,t(1)); 
        b(h,t(1))=b(h,t(2)); 
        b(h,t(2))=d; 
        a; 
        b; 
    end 
    h=h+1; 
    end 
% Mutation operation 
  
for i=1:rr/2 
    for j=1:zz 
    aa(i,j) = a(i,j); 
    aa(i+rr/2,j)= b(i,j); 
    end 
end 
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A1=zeros(1,rr); 
B1=zeros(1,rr); 
for i=1:rr 
    for j=1:zz 
        if aa(i,j)<=cc 
            z(j)=1;x(j)=aa(i,j); 
        else if aa(i,j)>cc&aa(i,j)<=cc*2 
                z(j)=2;x(j)=aa(i,j)-cc; 
            else if aa(i,j)>cc*2&aa(i,j)<=cc*3 
                    z(j)=3;x(j)=aa(i,j)-cc*2; 
                else if aa(i,j)>cc*3&aa(i,j)<=cc*4 
                        z(j)=4;x(j)=aa(i,j)-cc*3; 
                    else if aa(i,j)>cc*4&aa(i,j)<=cc*5 
                            z(j)=5;x(j)=aa(i,j)-cc*4; 
                        else if aa(i,j)>cc*5&aa(i,j)<=cc*6 
                                z(j)=6;x(j)=aa(i,j)-cc*5; 
                            else if aa(i,j)>cc*6&aa(i,j)<=cc*7 
                                    z(j)=7;x(j)=aa(i,j)-cc*6; 
                                else if aa(i,j)>cc*7&aa(i,j)<=cc*8 
                                        z(j)=8;x(j)=aa(i,j)-cc*7; 
                                    else if aa(i,j)>cc*8&aa(i,j)<=cc*9 
                                            z(j)=9;x(j)=aa(i,j)-cc*8; 
                                        else 
                                            z(j)=10;x(j)=aa(i,j)-cc*9; 
                                        end 
                                    end 
                                end 
                            end 
                        end 
                    end 
                end 
            end 
        end 
    end 
    p2=[1.5/4 1]; 
    q=[x;z]; 
    hh=p2*q; 
    A1(i)=hh*T1; 
end 
% Calculate fitness for the target function in the offspring 
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aa=reins(aa,1,1,1,A1'); 
for i=1:rr 
    farm(i,:)=aa(i,:); 
end 
% Optimal selection strategy 
  
trace1(gen,1)=min(A); 
trace1(gen,2)=mean(A); 
% Performance tracking 
  
gen=gen+1; 
end 
  
figure(1);clf; 
plot(trace1(:,1));hold on;plot(trace1(:,2),'-.'); 
legend('Changes in value','Changes in population mean') 
xlabel('Genetic generation');ylabel('The value of two target functions') 
  
% Image output 
  
  
  
 
 
